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ABSTRACT 
The Challis Volcanics of the White Knob Mountain 
area, Custer Co., Idaho, consist of flows, agglomerates, 
and welded tuffs, as well as a single traceable obsidian 
layer. 
As defined by Ross (1961), the Challis Volcanics 
are: 
"those dominantly volcanic strata of Early 
Tertiary age within the part of central 
Idaho north of the Snake River Plain and 
south of the westward flowing segment of 
the Salmon River" 
In the White Knob Mountain area they have been uncon- 
formably deposited on a deformed basement of Early 
Mississippian to Early Permian predominantly carbonate 
rocks and, locally, an intervening wedge of the Eocene 
Smiley Creek Conglomerate.  Elsewhere in Idaho, Ross 
(1934 and 1937) divided the Challis Volcanics into four 
members:  the latite-andesite member, the Germer tuffa- 
ceous member, the basalt flow member, and the Yankee 
Fork rhyolite member, but according to Nelson and Ross 
(1969), only the latite-andesite member is present in 
the White Knob Mountains. 
Local pockets of a volcanogenic sandstone were 
found to unconformably overlie the Challis Volcanics in 
the study area.  This sandstone exhibits graded and 
cross-bedding, and has thin intercalated volcanic flows. 
A boulder conglomerate is found at the base of this 
sandstone, which has a maximum measured thickness of 9 m 
(30 ft . ) . 
Several intrusions are also found in the White Knob 
Mountains but only two are of major proportions.  The 
two major intrusions are the Castle Rock Intrusive, 
which is a diorite, and the Porphyry Peak Intrusive, which 
is a syeni te . 
Petrographic study of the Challis Volcanics revealed 
that they are composed of the following rock types; flows 
ranging from basalt to dacite, with'andesite being the 
most common composition, agglomerates ranging from ande- 
site to dacite, with andesite being the most common com- 
position, and welded tuffs which are dominantly andesitic 
in composition. 
Comparison of the results of the petrographic study 
with the complete section of the Challis Volcanics of 
Ross (1937) indicates that Nelson and Ross (1969) were 
correct in their conclusion that only the latite-andesite 
member of the Challis is present in the White Knob 
Mounta ins. 
Several faults occur in the study area cutting the 
Challis units.  These indicate Late Tertiary or Early 
Quaternary deformation in the White Knob Mountains. 
INTRODUCTION 
Ob jec tives 
This investigation is a study of the petrography of 
the Challis Volcanics (Tertiary) of the White Knob Moun- 
tain area of south-central Idaho, which can then be com- 
pared to other areas of Challis outcrop in south-central 
Idaho.  The results of the petrographic analysis may, in 
future studies, be used to stratigraphically divide and 
map the Challis Volcanics.  This study, along with further 
studies of the Challis Volcanics in other areas of south- 
central Idaho, will help to clarify the geologic history 
of south-central Idaho from middle Tertiary to the present 
Location 
The White Knob Mountains of Custer Co., Idaho are 
part of the Northern Rocky Mountain physiographic province 
They separate the Copper Basin, which contains the head- 
waters of the East Fork of the Big Lost River, from the 
main valley to the Big Lost River.  The White Knob Moun- 
tains are approximately equidistant from the towns of Arco 
and Ketchum, Idaho (see Figure 1).  The study area is 
on the southwest-facing slopes of the White Knobs, extend- 
Fig. 1.  Location map of the White Knob Mountains.     ! 
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ing along the East Fork of the Big Lost River for 
approximately 29.7 km (18.5 mi.).  The study area ex- 
tends northward from the river to the summits of the 
White Knobs, an average distance of approximately 3.7 
km (2.3 mi.). 
The maximum relief in the study area is approxi- 
mately 906 meters (2973 ft.).  The lowest point, 2146 
meters above sea level (7040 ft.), is along the East 
Fork of the Big Lost River, and the highest point, rising 
to a maximum of 3052 meters (10012 ft.*), is Porphyry 
Peak . 
Geologic Setting 
The oldest rocks cropping out in the area belong to 
the Upper Paleozoic Copper Basin Group (Paull, et al, 
1972).  The complete sequence of the Copper Basin Group 
does not crop out in the White Knob Mountains, but it is 
found completely exposed to the southeast in the Central 
Pioneer Mountains.  The Copper Basin Group consists of 
six formations, which are from oldest to youngest; the 
Little Copper Formation (formally the Milligan Formation), 
the Drummond Mine Limestone, the Scorpion Mountain Forma- 
tion, the Muldoon Canyon Formation, the Brockie Lake Con- 
glomerate, and the Iron Bog Creek Formation.  Only the 
Little Copper Formation crops out in the White Knob 
Mountains, specifically in the southeast portion of that 
area.  The Little Copper Formation is overlain in the 
southeastern White Knob Mountains by the Early Missis- 
sippian to Early Permian White Knob Limestone (Ross, 
1962), a very pure limestone, with shale and conglomer- 
ate interbeds.  The Copper Basin Group reflects deposi- 
tion from a western source, while the White Knob Lime- 
stone is a shallow water limestone derived from the 
stable craton to the east.  Both are thought to be 
associated with the Late Devonian Antler Orogeny (Nelson 
and Ross, 1969) . 
The northwest portion of the White Knob Mountains 
is underlain by the Wood River Formation (Umpleby, et al, 
1930).  The Wood River Formation consists of calcareous 
and quartzitic beds, but minor beds of conglomerate, 
shale, and dolomite can also be found in this unit. 
Following the deposition of the Paleozoic sequences, 
the area was exposed to protracted erosion, which con^ 
tinued into the Late Mesozoic.  The Smiley Creek Con- 
glomerate was deposited as an alluvial fan complex during 
one of these erosional periods in the Eocene.   Deposi- 
tion of the Tertiary Challis Volcanics and associated 
intrusives followed deposition of the Smiley Creek 
Conglomerate. 
} 
During the Pleistocene, glaciers originating in the 
multiple cirques of the Copper Basin (Wigley, 1976) and 
in the predominantly north-facing cirque complexes at 
the headwaters of Wildhorse Canyon (Stewart, 1077) , com- 
bined to form the glacial landforms which dominate the 
major valleys.  These landforms record three major glacial 
advances during this interval.  Glaciation has not oc- 
curred in any of the valleys of the White Knob Mountains 
themselves, only in the bordering valley of the East Fork 
of the Big Lost River.  However, Neoglaciation has oc- 
curred in the White Knobs, as is indicated by the rock 
glacier located near the summit of Porphyry Peak (see 
Figure 2, and Plate 1). 
Fig. 2.  Rock glacier on Porphyry Peak 
PREVIOUS WORK 
Challis Volcanics 
Eldrige (1894-95) first described the volcanics now 
known as the Challis Volcanics.  His study included the 
eruptive rocks exposed along the roads through the Saw- 
tooth Range of central Idaho, and those exposed along 
the road from Salmon City to Ketchum.  The rocks Eldrige 
studied included rhyolites, andesites, basalts, breccias, 
and tuffs.  In a section cropping out along the road from 
Salmon City to Ketchum, a hornblende-andesite crops out 
at the base.  Above this, a variety of andesites, rhyo- 
lites, and associated volcanic breccias are found.  The 
section is capped by a series of yellow to yellow-red 
rhyolites, approximately 1500 feet thick.  Eldrige's 
description was based solely on his observations of hand 
spec imens. 
Kemp and Gunther (1907) describe two types of erup- 
tives found in association with ore in the White Knob 
copper deposits.  The older unit is a felsite to granite 
porphyry, with phenocrysts and quartz, acidic plagioclase, 
and orthoclase.  A chemical analysis of this rock yielded 
the following: 
Si02 - 68.43% 
Al 03 - 16.08% 
FeO + - 1.59% 
Fe2°3 
MnO - .26% 
CaO — 2.93% 
MgO - 1 .15% 
Na20 - 5. 36% 
K20 - 4.19% 
The authors chose to classify this specimen as a 
quartz porphyry. 
The second (younger) eruptive has a uniform porphyri- 
tic texture with phenocrysts of orthoclase in a gray felsic 
matrix.  No quartz phenocrysts are present.  The authors 
classified this as a trachyte porphyry. 
The copper ore occurred in association with the first 
type of eruptive. 
Umpleby (1914), in his study of the Sawtooth Quad- 
rangle, Blaine and Custer Cos., mentions Tertiary erup- 
tive rocks consisting principally of andesite, rhyolite, 
and related tuffs.  Most of the andesites described con- 
tained a considerable amount of hornblende, however a 
few specimens had conspicuous augite.  The feldspars 
ranged in composition from An   to An  .  The groundmass 
was described as cryptocrystalline to glassy. 
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Later work by Umpleby (1917) included a major por- 
tion of this study area.  Here he described Miocene lavas, 
consisting of andesite, rhyolite, and related tuffs, fill- 
ing the valleys produced by Early Tertiary erosion. 
He concluded that the volcanics are Miocene age by the 
relation of the lavas to the Eocene erosion surface, and 
by the long period of degradation which intervened be- 
tween these eruptions and the basaltic extrusions of the 
Snake River Plain.  He determined the minimum thickness 
of these eruptives in the Mackay area to be approximately 
3000 feet.  Petrographically, he found the most common 
type of rock in the series to be andesite, although 
rhyolites, trachytes, latites, and related tuffs all were 
found in the area. He stated that, although the sequence 
of eruption was not known, it appeared that andesites 
were more abundant in the lower horizons, and tuffs more 
abundant in the upper.  A description of a typical sample 
of the eruptives was as follows: 
"the phenocrysts exceed the groundmass 
slightly in area...and comprise horn- 
blende, oligioclase, andesine, a little 
biotite, and much less magnetite and 
apatite." 
With regard to the deformation history revealed by the 
volcanics, Umpleby states that the Miocene lavas have 
been tilted and have undergone normal faulting.  This 
deformation was pre-Snake River basalt, since the Snake 
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River volcanics are not deformed.  Umpleby also generated 
a map showing the distribution of the volcanics, along 
with the distribution of the other major rock types crop- 
ping out in the area (Figure 3). 
Several other researchers mention Mid-Tertiary lavas 
in central and south-central Idaho.  For example, Piper 
(1924) described andesites, dacites, and rhyolites fill- 
ing ancient valleys in Camus Co. 
Umpleby, et al. (1930) in their study of the Wood 
River region (which includes part of the present study 
area) report the presence of Miocene lavas.  The age of 
the volcanics was determined by fossils found in associ- 
ated elastics, and by similarity of these volcanics to 
those in other parts of Idaho that have been identified 
as Miocene.  They determined the thickness of the Tertiary 
volcanics to be at least 2500 to 3000 feet.  The oldest 
flows found in this study of the Wood River region are 
augite-andesite and basalt.  Latite and hornblende-ande- 
site are found above these units, and the youngest flows 
found in this area are rhyolite.  In the first group, the 
augite-andesite and basalts, basalts are rare.  The 
augite-andesite has phenocrysts of labradorite and augite. 
The groundmass is very fine-grained, and consists of 
andesine, augite, and magnetite.  The majority of the 
rocks do not contain quartz.  The latite and hornblende- 
12 
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Fig Distribution of the major rock types in the 
White Knob Mountain area (from Umpleby, 1917). 
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andesites of the second group, vary in composition within 
rather wide limits. Most consist essentially of plagio- 
clase, orthoclase, quartz, biotite, and hornblende. The 
plagioclase ranges from oliqioclase to labradorite. The 
rhyolites commonly show flow banding and, in places, the 
rock is brecciated. 
Umpleby, et al. (1930) also described several intru- 
sions that cross-cut the lavas.  These intrusions range 
from quartz diorite porphyry to granite porphyry.  Umpleby, 
et al. noted that the Tertiary lavas are definitely faulted 
in the Wood River region. 
Up to this time no formational name was assigned to 
these Tertiary volcanics.  Ross (1930) named the volcanics 
the Challis Volcanics, in his study of the Seafoam dis- 
trict.  He included in his description of the Challis 
Volcanics all of the lava flows and associated pyroclas- 
tics of probably Miocene age in the mountain region of 
south-central Idaho.  In this report, he also included a 
study of the Alder Creek district which incorporates part 
of the present study area.  Here he stated that the 
Challis Volcanics cover the Paleozoic rock to the north- 
west, south, and southeast of the areas containing mineral 
deposits.  The volcanics are described as dominantly 
rhyolite, quartz-latite, and porphyritic obsidian, but 
tuff and more calcic flows also occur in the vicinity. 
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Ross also described intrusives in this area as being 
mainly granitic in composition.  The intrusives cross- 
cut the Challis Volcanics. 
Ross (1934) studied the Challis Volcanics in the 
Casto Quadrangle of Custer Co.  Here the volcanics are 
described as silicic to intermediate in composition, 
with the lower portions of the section being dominated 
by latite and andesite, and the upper portions being 
dominated by rhyolite and quartz-latite.  Also several 
tuffs are found in this area.  The total thickness was 
thought to be 2000 to 5500 feet. 
Ross (1934) separated the extreme upper portion of 
the Challis Volcanics in the Casto Quadrangle into the 
Yankee Fork Rhyolite member, which he described as 
brownish rhyolite with round, dull black, phenocrysts of 
quartz, approximately 1.25 milimeters in diameter.  He 
estimated the thickness of the Yankee Fork Rhyolite mem- 
ber to be less than 1000 feet. 
Ross (1937), in the Bayhorse region, proceeded to 
divide the Challis Volcanics into four members.  These 
are from oldest to youngest, the latite-andesite member, 
the Germer tuffaceous member, basalt and related flows, 
and the Yankee Fork Rhyolite member (first described in 
the Casto Quadrangle). 
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The latite-andesite member is made up dominantly of 
latite and andesite with a few intercalated beds of tuff, 
rhyolite, and basic flows.  The greater part of the forma- 
tion in south-central Idaho consists of this member. 
The flows considered to be of latitic composition 
commonly have the phenocrysts, dominantly oligioclase 
(50%), making up 5 to 30 percent of the rock.  Biotite is 
the principle ferromagnesian constituant, but hornblende 
is also common. 
The flows considered to be of andesitic composition 
have approximately the same percentage of phenocrysts as 
the latite flows, but the phenocrysts are dominantly 
calcic oligioclase or sodic andesine.  Hornblende and 
biotite are common but rarely make up as much as 15 per- 
cent of the rock.  Many of the andesite flows are 
characterized by the presence of augite, and these tend 
to have plagioclase phenocrysts of calcic andesine. 
The thickness of individual flows varies greatly 
but can reach up to 300 feet or more in thickness.  The 
aggregate thickness of the 1 atite-andesite member also 
varies greatly from 1500 feet to greater than 3000 feet. 
The Germer tuffaceous member is composed essentially 
of tuff, tjuffaceous sandstone, and subordinate amounts of 
conglomerate and shale.  The member is named after the 
16 
Germer Basin in the north-central part of the Bayhorse 
Quadrangle. 
« 
Much, but not all, of the tuff has been water-sorted. 
The unsorted tuff is composed mainly of fragments of crys- 
tals of igneous material, with oligioclase being the most 
abundant mineral, although quartz, biotite, and hornblende 
fragments are also found. 
A volcanogenic conglomerate is a conspicuous consti- 
tuent of the Germer unit, particularly near its base.  The 
pebbles are composed mainly of material derived from the 
erosion of the Challis Volcanics, and the matrix is 
essentially identical to the tuffaceous sandstones found 
in this unit. 
The total maximum thickness of 'the Germer tuffaceous 
member is approximately 2000 feet, although it can be as 
little as 500 feet in some places.  Vegetable remains, 
mostly wood fragments and leaves, are widely distributed 
in the tuffaceous beds.  R. W. Brown (1937) has determined 
that most of these plant fossils are probably Oligocene 
in age but certainly not younger than early Miocene age. 
In detail, the basalt flows exhibit many irregulari- 
ties, indicating flow over eroded slopes and hollows.  The 
maximum thickness of this third member is about 2300 feet. 
The Yankee Fork Rhyolite member in the Bayhorse 
region includes much more tuffaceous material than in the 
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Casto Quadrangle, but, other than this fact, it is 
essentially the same.  The rock is a light brown rhyolite 
with smoky-quartz phenocrysts. 
The individual thickness of the flows in the Yankee 
Fork Rhyolite member in the Bayhorse region averages 
about 25 feet, and the maximum total thickness of the 
unit is about 300 feet. 
In regard to any post-Challis deformation in the 
Bayhorse region, Ross (1937) stated that, in his belief, 
the Challis Volcanics tended to build up to a nearly 
flat surface, and that the present attitudes of the 
uppermost beds clearly indicate deformation subsequent to 
volcanism.  There also are a number of faults cutting the 
Challis Volcanics in this region, most with relatively 
small throw.  There appears to be a general northwesterly 
trend to these faults, indicating active regional stresses 
in this area. 
Post-Challis faults found in the Little Wood River 
district by Anderson and Wagner (1946) exhibit throws 
greatly exceeding those found by Ross (1937).  In the 
Little Wood River district, throws of approximately 100 
feet are found in faults cutting augite andesites, horn- 
blende andesites, latites, and rhyolites of the Challis 
Volcanics as opposed to throws of 10-20 feet observed 
by Ross (1937). 
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Many deviations in the generalized stratigraphy of 
the Challis Volcanics have been noted in subsequent 
studies.  In the Borah Peak Quadrangle, Ross (1947) 
noted that a basalt member occurred below the Germer 
tuffaceous member, and that the Yankee Fork Rhyolite 
member was missing.  In the Baker Quadrangle, Anderson 
(1957) identified an unusual number of basalt flows in 
the latite-andesite member. 
Ross (1961) redefined the term Challis Volcanics and 
restricted it to those dominantly volcanic strata of 
Early Tertiary age within the part of central Idaho north 
of the Snake River Plain and south of the westward flow- 
ing segment of the Salmon River.  Tuffs and sedimentary 
beds intercalated with the lava flows are therefore in- 
cluded in the formation.  He still divided the Challis 
Volcanics into the four members discussed previously. 
White Knob Mountains 
Relatively recently, work has been do^ne on the 
Challis Volcanics in or near the White Knob Mountains. 
Dover (1966), in his work on the central Pioneer 
Mountains, described andesitic and latitic volcanic rocks 
which he considered part of the Challis Volcanics.  He 
also stated that there were several prominant high-angle 
faults cutting these volcanics, indicating Late Tertiary 
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and/or Quaternary deformation (block faulting). 
Nelson and Ross (1968), in their report on the Alder 
Creek mining district (located on the northeast slopes of 
the White Knob Mountains), stated that only the latite- 
andesite member could be found in this area, and that 
oligioclase was the dominant phenocryst in the volcanics. 
Augite, biotite, and hornblende were also found as pheno- 
crysts.  They also noted several rhyolite dikes cutting 
o 
the volcanic s . 
Nelson and Ross (1969), in the Geology of the Mackay 
30-minute Quadrangle (which includes a major portion of 
this study area), found only the latite-andesite member 
in that area.  Andesite was found to be the most abundant 
flow rock.  The typical andesite contains phenocrysts of 
plagioclase, pyroxene, hornblende, and biotite.  The 
plagioclase phenocrysts range from calcic oligioclase to 
calcic andesine.  Some flows contain a small amount of 
potassium feldspar and quartz; in these flows the plagio- 
clase is commonly more sodic than in the typical andesite. 
Volcanic breccias are about as abundant as lava flows 
and are of the same range of composition as the lavas. 
Volcanogenic sandstone and siltstone are widely distrib- 
uted, but are relatively small in outcrop size. 
Nelson and Ross (1969) estimated the minimum thick- 
ness of the Challis Volcanics, arrived at by comparing 
20 
surface topography with contours drawn at the base of 
the Challis, to be little more than 1700 feet.  They 
also noted the presence of several intrusives into the 
Challis in this area. 
Erwin (1972) described the Challis Volcanics as 
consisting of basalt to latite, but being dominantly 
andesite.  Petrographic study of a sample of Challis by 
Erwin showed phenocrysts of plagioclase in a groundmass 
of plagioclase, amphibole, quartz, and opaques.  Erwin 
also mentioned several intrusives in the White Knob 
Mountain area consisting of plutons of granite porphyry, 
and andesite to rhyolite dikes. 
Nelson and Ross (1969), and Erwin (1972) mapped the 
distribution of the Challis Volcanics in the White Knob 
Mountains, but did not identify specific stratigraphic 
units in the volcanics. 
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METHODS 
Field Work 
A total of forty-eight samples were collected in 
the course of the field investigation.  These samples 
were then described in the field as to texture, color, 
mineralogy of the phenocrysts or clasts, and mineralogy 
of the matrix (if identifiable). 
The sample locations were plotted on a U. S. Soil 
Conservation Service air photo (scale 1:20,000) base. 
r 
Contacts between the formations were mapped.  Some struc- 
tures, i.e.; folds or faults, were also mapped, but not 
all of the structural features were located or mapped. 
The features plotted on the aerial photographs were trans- 
ferred to seven-and-one-half minute topographic quadrangle 
sheets. 
Laboratory Methods 
Standard thin-sect ions were prepared from each of 
the forty-eight samples collected.  A petrographic report 
was prepared using standard petrographic techniques for 
each thin-section (see Appendix 1).  The report includes 
both textural and mineralogical descriptions of the 
rocks sampled.  The rocks thin-sectioned were classified 
into different lithologic types, based on the criteria 
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of Williams, Turner and Gilbert (1954).  Mineral percen- 
tages were determined by point counts taken on each thin- 
section.  Four-hundred points were counted per slide. 
The Glagolev-Chayes method of point-counting (Glagolev, 
1934; Chayes, 1949; Galehouse, 1971) was used.  This 
method involves identifying the mineral directly beneath 
the cross-hairs at equally spaced points derived by 
traversing the thin-section in the predetermined grid 
pattern.  It provides an area per cent of the minerals 
present in the thin-section.  This can then be converted 
to an approximate chemical analysis. 
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RESULTS AND DISCUSSION 
Results of Field Work 
Three basic types of volcanics are found in the 
study area; flows, agglomerates, and welded tuffs.  Flows 
are igneous bodies that were extruded as lava and con- 
solidated on the surface of the earth.  In the White 
Knob Mountain area the flows range from basalt to dacite 
in composition.  Agglomerates, or volcanic breccias, are 
deposits composed of fragments of essential origin 
(derived from the magma itself), accessory origin (derived 
from older lavas of the same cone), or accidental origin 
(derived from basement rocks).  In this area the fragments 
of accidental origin are minor.  The welded tuffs in the 
area are either welded vitric tuffs or welded volcanic 
tuffs.  Welded vitric tuffs are the consolidated equiva- 
lents of volcanic ash, which are indurated by the com- 
bined action of retained heat and enveloping gases, and 
consist mainly of glassy particles (greater than 70%). 
Welded volcanic tuffs consist mainly of crystals of 
igneous origin. 
Fourteen of the samples collected were from volcanic 
flows (see Appendix 1 for sample numbers).  These flows 
range in composition from basalt to dacite, with ande- 
sites being the most common.  Ten of the fourteen samples 
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are andesitic in composition.  In general, the andesites 
are porphyritic.  The dominant phenocryst is plagioclase, 
and the phenocrysts range in size from 3 to 12 mm (.125 
to .5 in.).  The largest phenocryst s, 12 mm ( .5 in.), are 
found in the area of sample no. 47 (see plate 1).  None 
of the remaining phenocrysts seen in the samples are 
larger than 6 mm (.25 in.).  The andesitic flows are 
generally reddish in color, and they weather to lighter 
shades of red.  Quartz-filled geodes are common in the 
area of samples no. 22 and 39 (see plate 1).  Not all of 
the andesite flows appear to be of andesitic composition 
when viewed in hand specimen.  In the vicinity of sample 
no. 16 (see plate 1) the flows appear to be dacitic in 
composition.  This is due to the fact that pink feldspar 
phenocrysts are common in the rocks of this area.  They 
are easily mistakenly identified as potassium feldspar 
when the hand specimen is examined.  However, when 
analyzed microscopically, the phenocrysts turn out to 
be plagioclase (see below, and Appendix 1). 
One of the samples collected, no. 17 (see plate 1), 
is from a basalt flow.  This basalt is porphyritic, with 
phenocrysts ranging in size from 3 to 6 mm (.125 to .25 
in.).  The phenocrysts are dominantly pyroxene (augite) 
and plagioclase.  The basalt is medium gray (N5), and it 
weathers to almost the same color.  The basalt was 
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originally classified as an andesite when the hand speci- 
men was collected, but upon microscopic examination it was 
reclassified (see below, and Appendix 1). 
Sample no. 8 (see plate 1) is of trachytic composi- 
tion.  This sample is also porphyritic.  It is moderate 
brown (5YR4/4), and it weathers to lighter shades of 
brown.  In hand specimen the sample closely resembles 
those of andesitic composition.  However, upon micro- 
scopic examination, it was classified as a trachyte 
because of the composition of the feldspars (see below, 
and Appendix 1). 
The two remaining samples of volcanic flows, nos. 
21 and 37, are of dacitic composition.  The two samples 
both exhibit porphyritic texture, with phenocrysts ranging 
in size from 3 to 6 mm (.125 to .25 in.).  In hand speci- 
men, the phenocrysts in sample no. 37, a grayish red 
(10R4/2) material, appear to be only plagioclase, and 
therefore in the field it was originally classified as 
an andesite.  However, phenocrysts of both plagioclase 
and potassium feldspar are present in this sample (see 
below, and Appendix 1).  The phenocrysts in sample no. 21 
appear to be mostly quartz, with minor phenocrysts of 
pink potassium feldspar.  No plagioclase phenocrysts were 
recognized in the field.  For this reason the sample was 
originally classified as a rhyolite.  Actually, the 
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feldspar phenocrysts are dominantly plagioclase, with 
some quartz and potassium feldspar, and therefore has 
been reclassified as a dacite (see below, and Appendix 1). 
Sample no. 21 is colored light olive gray (5Y6/1), and 
it weathers to tones of yellow. 
Eleven of the samples collected are agglomerates. 
In general, the agglomerates are colored shades of green- 
ish gray, and they weather to lighter shades of greenish 
gray, or, in some cases, to bright greens.  The clasts 
range from 8 to 60 cm (3 in. to 2 ft.) in diameter, with 
the average clast size falling in the range of 10 to 15 
cm (4 to 6 in.) in diameter.  The maximum clast size 
seems to increase in the eastern half of the study area. 
Clasts as large as 30 to 60 cm (1 to 2 ft.) in diameter 
were found, specifically in samples no. 4, 7, 9, and 48 
(see plate 1), although the majority of the clasts in 
these samples still fall in the average size range. 
Only two of the eleven samples of agglomerates do 
not follow the general pattern; these are samples no. 28 
and 29 (see plate 1).  The major difference in the case 
of these two samples, however, is only in their coloring, 
which is pale red purple (5RP6/2) with grayish red purple 
clasts (5RP4/2).  This color is very distinctive since no 
other rock in the White Knob Mountain area is of a similar 
color.  The average clast sizes in these two samples is 
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the same as the general average (see above) . 
The clasts all appear to be volcanic, i.e.; of 
essential or accessory origin.  Nowhere was a clast of 
accidental origin observed.  The only mineral which can 
be recognized in the agglomerates, both in the clasts 
and in the matrix, is plagioclase. 
Eleven samples are welded tuffs.  All of the welded 
tuff samples exhibit characteristics common in welded 
tuffs, i.e.; multiple colors, flow banding, and variable 
grain size.  The colors range from black to yellow, but 
the samples all appear reddish brown in color due to 
weathering.  In the area of sample no. 42 (see plate 1), 
the tuffs are lighter in color (tan) than in other areas. 
There is a traceable obsidian layer occurring in 
the central portion of the study area (see plate 1).  Two 
samples were taken of this obsidian layer, nos. 27 and 35 
(see plate 1).  In hand specimen it appears to be totally 
glass, but when examined microscopically, crystals are 
observed to be present (see below, and Appendix 1).  The 
obsidian layer is colored brownish black (5YR2/1), and 
weathers to a dark brown. 
Several other observations can be made with respect 
to the Challis Volcanics in the White Knob Mountains, 
such as the association of copper mineralization with 
the volcanics in the area of sample no. 10 (see plate 1). 
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A skarn zone has been developed in the White Knob Forma- 
tion in the vicinity of sample no. 10 (see plate 1), and 
a skarn zone also appears in the Wood River Formation in 
the area of sample no. 47 (see plate 1).  Several intru- 
sions cut the Challis Volcanics in the study area, and 
several outcrops of a volcanogenic sandstone were recog- 
nized.  The remaining samples which were collected from 
the intrusions or the volcanogenic sandstone are discussed 
below. 
Volcanogenic Sandstone 
In the general area of the East Fork of Boone Creek 
lying roughly along a NW-SE line, three small outcrops of 
a volcanogenic sandstone can be found.  These sandstones 
unconformably overlie typical Challis Volcanic rocks. 
An outcrop of this sandstone also occurs in the outcrop 
area to the west of Boone Creek (see plate 1).  V. Pietro- 
bon (personal communication) has found a similar outcrop 
in the area of Castle Rock, but this author has not seen 
it in the course of his investigation.  The sandstone 
exhibits graded and cross-bedding.  The beds range in 
thickness from 1 to 90 cm (.5 to 36 in.).  The base of the 
outcrops are coarser than the rest of the outcrop, and in 
one location, marked by sample no. 3 (see plate 1), a 
basal boulder conglomerate is exposed.  The boulders 
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reach diameters of 30 to 60 cm (1 to 2 ft.), and consist 
of volcanic material appearing in hand specimen to be 
rhyolitic or dacitic composition.  The outcrop containing 
the basal conglomerate also exhibits thin flows inter- 
calated with the beds.  There are approximately ten flows, 
2 to 5 cm (1 to 2 in.) thick, dispersed irregularly 
throughout the 9 m (30 ft.) thickness of the outcrop.  The 
other outcrops of volcanogenic sandstone are finer grained 
than the one described above, with grains ranging from 
coarse sand size to coarse silt size. 
Intrusives 
Many intrusive rocks cut the Challis Volcanics in the 
study area, but only two are of major proportions.  The 
largest intrusive body is designated the Castle Rock In- 
trusive (CRI), and is located on and around Castle Rock 
(see plate 1).  This pluton appears to be of andesitic 
composition and is very dark grayish black (N2).  The 
second major intrusive is designated the Porphyry Peak 
Intrusive (PPI), and is located on and around Porphyry 
Peak (see plate 1).  This unit is a grayish red (5R4/2) 
granodiorite, with relatively large crystals compared to 
other intrusives in the area.  The rock glacier at the 
base of Porphyry Peak is composed mainly of boulders of 
the Porphyry Peak Intrusive.  A small contact metamorphic 
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zone, 2 to 12 cm (1 to 5 in.) thick, can be seen along 
the contact of the Porphyry Peak Intrusive with the 
surrounding volcanics. 
The other intrusives present are isolated dikes 
scattered mostly in the eastern portion of the study 
area.  These dikes range in composition from rhyolite to 
basalt.  A total of nine separate dikes were recognized 
in the study area.  These are designated as undifferen- 
tiated intrusives (I, see plate 1).  Three of the dikes 
occur in the extreme eastern portion of the study area 
(see plate 1).  The dike nearest Lupine Mountain is a 
rhyolite, while the other two are andesitic.  The four 
located between Cabin Creek and the "Swamps" area (see 
plate 1) consist of three basaltic dikes, and one quartz- 
latite dike (marked by sample no. 5 on plate 1).  The 
remaining two dikes, located between Cabin and Burma 
Creeks, are rhyolites. 
None of the intrusives described above show field 
evidence of being connected to specific flows or other 
volcanic bodies. 
Structure of the Volcanics 
A large fault runs roughly north-south through the 
central portion of the study area (see plate 1).  This 
fault has the western face uplifted, and has a small 
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step downfaulted off of the western face midway along its 
strike (see plate 1).  An oddity connected with'this fault 
is that all but one of the volcanogenic sandstone outcrops 
occur along its trace (see plate 1). 
Another fault exists along the stream to the west of 
Little Lake Creek (see plate 1).  The displacement along 
this fault can be measured by the offset of the obsidian 
layer, and is found to be 3 to 4.5 m (10 to 15 ft.).  This 
fault also runs roughly north-south.  The eastern face is 
uplifted. 
A third fault is located at the contact of the 
Challis Volcanics and the White Knob Limestone in the 
vicinity of Telephone Draw (see plate 1).  The eastern 
face of this fault is the uplifted block. 
The faults mentioned above are but a few of the 
structural features occurring in the White Knob Mountains, 
but they do indicate that the rocks of the area were 
definitely subjected td Late Tertiary or Early Quaternary 
deformation.  Faulting seems to have occurred throughout 
south-central Idaho in the Tertiary (Umpleby, 1917; 
Umpleby, et al., 1930; Ross, 1937; Anderson and Wagner, 
1946; Dover, 1966; Stewart, 1977; and Pietrobon, 1978). 
This deformation, along with the vulcanism represented by 
the Challis Volcanics and the Snake River Basalts, seems 
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to indicate orogenic forces were active in the area through 
the Late Tertiary and Early Quaternary. 
Laboratory Results 
Petrography 
The volcanic flows are described texturally and 
mineralogically.  The mineralogy of both the ground mass 
and the phenocrysts was taken into consideration when 
classifying the rock.  In the case of the agglomerates/ 
however, the phenocrysts (or clasts) may come from other 
rocks.  Therefore the matrix material is more important 
and has been of primary consideration l5n classifying the 
type of agglomerate.  When dealing with a vitric tuff, 
the matrix is usually glass or Unidentifiable ash. 
Therefore, short of chemical analysis, the included crystal 
are all that can be used to classify the rock type. 
Each of the three basic types of volcanics found 
exhibit characteristic textures found in basalt-andesite- 
rhyolite associations from many areas.  The majority of 
the volcanic flows exhibit porphyritic textures, a typical 
example of which is shown in Figure 4.  This texture is 
also shown in Figure 5 (note that Figure 5 is under crossed 
polarizers).  The agglomerates consist of volcanic rock 
fragments in a matrix of volcanic material.  Figure 6 shows 
an included volcanic rock in the upper right hand corner. 
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Fig. 4.  Photomicrograph showing porphyritic texture 
Fig. 5.  Photomicrograph showing porphyritic texture, 
with crossed polarizers. 
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Fig. 6.  Photomicrograph showing included volcanic in 
a volcanic matrix (Agglomeritic texture). 
Fig. 7.  Photomicrograph showing flow banding and 
included crystals in a welded tuff. 
35 
surrounded by a matrix dominated by dark glass.  In the 
welded tuffs one finds minor crystals set in a laminated 
ground mass consisting of multicolored glass or ash. 
These laminations were produced during flow.  Figure 7 
shows several crystals surrounded by what appears to be 
glass and ash exhibiting flow lines.  Note that the 
crystals are commonly embayed. 
All of the samples taken were analyzed petrographi- 
cally, except sample no. 7, which was Jost during prepara- 
tion.  The petrographic descriptions were used to modify 
the field descriptions and classifications. 
Ten of the volcanic flows are classified as andesi- 
tic in composition.  All of the andesites show a porphy- 
ritic texture, with phenocrysts ranging from 1 to 5 mm 
(.03 to .2 in.) in size.  Anhedral to subhedral plagio- 
clase is the most common mineral occurring both in the 
ground mass and as phenocrysts.  The average composition 
of the plagioclase varies greatly from sample to sample. 
Five of the ten samples of andesitic composition are 
classified as hornblende andesites (samples no. 3, 10, 44, 
46, and 47) because hornblende phenocrysts are common 
along with plagioclase phenocrysts.  All the hornblende 
andesites contain some augite, usually in the ground mass, 
but in some cases occurring as phenocrysts.  The plagio- 
clase range in composition from oligioclase (Ab  ) to 
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calcic labradorite (Ab._), but andesine (Ab._ to Ab__) is 4 2 60       70 
the most common plagioclase found.  Sample no. 3 contains 
some olivine, but this is minor (1.00 ♦ 1.77%).  A 
trachytic texture can be seen in sample no. 46. 
Three of the ten andesite samples are classified as 
pyroxene andesites (samples no. 16, 22, and 43).  Along 
with plagioclase phenocrysts, subhedral pyroxene pheno- 
crysts can also be found.  The pyroxene phenocrysts may 
be either augite or hypersthene.  The ground mass is 
finer grained in the pyroxene andesites than in the 
hornblende andesites, but it consists of essentially the 
same material, i.e.; plagioclase and pyroxene (augite). 
The plagioclase has a wide compositional range (Ab _ to 
Ab. j.) .  In sample no. 43, olivine occurs as a phenocryst 
in a fairly major amount, 8%, and for this reason sample 
no. 43 can be classified as an olivine-pyroxene andesite. 
Flow banding can be seen in sample no. 22. 
The remaining two andesite samples have been classi- 
fied as olivine andesites (samples no. 39 and 40).  Olivine 
and plagioclase, both anhedral, are the only phenocrysts 
found in these samples.  In both samples the olivine is 
partially altered to iddingsite.  The ground mass of 
both samples is dominantly plagioclase, minor pyroxene is 
found in both.  The average composition of the plagioclase 
is calcic labradorite (Ab   to Ab  ) . 
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Sample no. 17 is classified as a basalt.  The pheno- 
crysts seen in this sample are equal amounts of anhedral 
plagioclase, and subhedral augite.  Calcite is abundant 
as a secondary mineral, i.e.; filling in pore spaces in 
the sample.  The ground mass is dominantly plagioclase. 
The average composition of the plagioclase, of both the 
ground mass and phenocrysts, is labradorite (Ab._)•  The 
sample exhibits a trachytic texture. 
Sample no. 8 has been classified as a trachyte. 
This sample is not porphyritic, but instead exhibits a 
seriate texture.  It consists primarily of plagioclase, 
orthoclase, and quartz.  Minor aegirine is also seen in 
this sample.  The minerals are anhedral to subhedral, 
and plagioclase is by far the dominant mineral.  The 
average composition of the plagioclase is albite (Ab _) . 
For this reason, the sample can be further classified 
as a soda trachyte. 
The two remaining samples of volcanic flows are 
classified as dacites (samples no. 21 and 37).  Both of 
these samples exhibit a felsophyric to porphyritic tex- 
ture.  The phenocrysts found in both samples are anhedral 
to subhedral plagioclase, orthoclase, and quartz.  Horn- 
blende phenocrysts are found in sample no. 37, and bio- 
tite phenocrysts are found in sample no. 2,1.  The average 
composition of the plagioclase phenocrysts is Ab _ to Ab _ 
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therefore the plagioclase is classified as andesine.  The 
ground mass of both samples consists of sodic plagioclase, 
potassium feldspar, and quartz, with some minor mafics, 
probably augite.  Although the plagioclase is the dominant 
phenocryst in both samples, potassium feldspar and quartz 
are as abundant as the plagioclase in the ground mass of 
each sample.  Because of this, these samples can be re- 
classified as quartz dacites.  Granophyric intergrowths 
are seen in sample no. 21. 
Most of the samples of the volcanic flows exhibit 
some features in common.  Generally, the plagioclase 
phenocrysts are embayed and altered to sericite.  Zoned 
and unzoned plagioclase phenocrysts may be seen in the 
same sample.  If mafic minerals occur (amphiboles and 
pyroxenes), they are extensively altered, usually to a 
combination of opaques and chlorite.  In some cases, 
hornblende is altered to a fine grained aggregate of 
opaques, plagioclase, and a bi'ref r ingent mineral. 
Larson (1937, 1938a, and 1938b) noted a similar alteration 
of hornblende in the San Juan Volcanics and he thought the 
birefringent   mineral was a pyroxene.  The common altera- 
tion features seen are probably due to weathering of the 
volcanics after emplacement. „ 
Eleven samples of agglomerates were collected.  One 
of these samples (no. 7) was destroyed in processing.  All 
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of the remaining samples, nos. 4, 9, 12, 14, 24, 26, 26, 
29, 33, and 48 (see plate 1) contain anhedral plagioclase 
phenocrysts (or clasts), ranging in size from 2 to 6 mm 
(.08 to .25 in.).  All of the plagioclase crystals are 
embayed and altered to sericite.  It is difficult to 
determine whether the plagioclase phenocrysts are of essen- 
tial or accessory origin (see above).  In only one sample, 
no. 26, could a definite clast of accessory origin be 
seen.  This clast, which is approximately 6.25 mm (.26 in.) 
across, consists of dominantly fine grained plagioclase 
and opaques (see Figure 6).  No apparent contact effects 
between the matrix material and the clast can be seen.  In 
a few samples (nos. 4, 24, 33, and 48), anhedral pheno- 
crysts (or clasts) of potassium feldspar and quartz are 
found.  These phenocrysts (or clasts) are also highly 
embayed.  Since the phenocrysts may be of accessory origin, 
the composition of the phenocrysts was not used to classify 
the agglomerates.  Therefore, the composition of the matrix 
material only formed the basis for classification. 
Five of the ten samples analyzed are of andesitic 
composition (nos. 9, 12, 26, 28, and 29; see plate 1).  The 
ground mass of these samples is dominated by plagioclase 
and opaques.  Pyroxene (augite) is also found in the matrix 
of all samples except no. 28.  Sample no. 26 has a matrix 
consisting of plagioclase, opaques, augite, and glass, and 
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is the only sample of the andesitic agglomerates to con- 
tain glass.  Minor quartz occurred in samples no. 9 and 
12.  In all cases, the matrix material can be classified 
as microcrystal1ine, except in sample no. 26, where the 
presence of glass and very fine grains in portions of the 
thin-section leads to a cryptocrystalline classification. 
Two of the ten agglomerates analyzed are of latitic 
composition, nos. 14 and 48 (see plate 1).  The ground 
mass is dominantly plagioclase in both samples.  Opaques, 
pyroxene (augite), and potassium feldspar also occur in 
the matrix of these samples.  Both of these samples are 
microcrystalline. 
The remaining three agglomerates, nos. 4, 24, and 
33 (see plate 1), are of dacitic composition.  The ground 
mass of these three samples contains plagioclase, potassium 
feldspar, and quartz.  These three minerals occur in the 
ground mass of samples no. 4 and 24 in approximately equal 
amounts, whereas in sample no. 33, the plagioclase is     , 
slightly dominant.  Some pyroxene, probably augite, also 
occurs in the ground mass of sample no. 33. 
Another way of grouping the agglomerates is accord- 
ing to the percentage of ground mass present in each 
sample.  In four of the ten samples of agglomerates, nos. 
9, 26, 28, and 29, the ground mass makes up more than 80% 
of the thin-section.  These four samples are all of 
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andesitic composition.  Only one sample of andesitic 
agglomerate contains less than 80% ground mass, and that 
is sample no. 12 in which the ground mass makes up 56.00 t 
8.81% of the thin-section.  The ground mass in the remain- 
ing samples ranges from a low of 56% (sample no. 12, an 
andesitic agglomerate) to a high of 74% (sample no. 48, a 
latitic agglomerate). 
The two samples which are unique upon observation in 
the field due to their coloring (see above) , nos. 2.8 and 
29, do not significantly differ from the other two samples 
of andesitic agglomerate (nos. 9 and 26), and only differ 
from sample no. 12 in the percentage of the thin-section 
which is matrix (see above). 
Eleven samples of welded tuffs were collected (nos. 
11, 13, 15, 18, 19, 20, 23, 25, 34, 36, and 42; see plate 
1), and all but one of these is andesitic in composition 
(no. 20).  All of the andesitic tuffs contain anhedral to 
euhedral plagioclase phenocrysts, ranging in composition 
from oligioclase (AbOQ) to labradorite (Ab,_), but andesine 
(Ab   to Ab__) is the dominant plagioclase composition. 
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In one sample, no. 42, it is impossible to determine the 
composition of the majority of the plagioclase crystals 
due to extensive alteration.  Pyroxene, either hypersthene 
or augite, appears in six of the ten andesitic tuffs, nos. 
18, 19, 23, 25, 34, and 42.  Four samples contain biotite. 
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nos. 11, 13, 15, and 34, and two samples contain olivine, 
nos. 13 and 36. 
Sample no. 20 is a dacitic tuff.  Orthoclase and 
plagioclase are the dominant phenocrysts.  They occur in 
approximately equal amounts (4.75% of the total slide being 
orthoclase, and 4.25% of the total slide being plagioclase). 
Quartz, augite, and biotite also are found in sample no. 
20 . 
In addition to subdividing the tuffs on the basis of 
phenocryst composition, classification can also be accom- 
plished using the matrix material.  Three major classes of 
tuff can be recognized.  The first class is that in which 
the matrix is dominantly glass.  Four samples fall into 
this category, nos. 13, 18, 25, and 34.  The second class 
is that in which the matrix contains virtually no glass. 
Three samples fall into this category, nos. 11, 23, and 
42.  In all three of the samples of the second class, the 
matrix is dominantly plagioclase.  The third class is that 
in which the matrix material is only partially glass. 
Three samples fall into this category, nos. 15, 19, and 
20.  In samples no. 15 and 19, the remainder of the matrix 
material is plagioclase.  In sample no. 20, the remainder 
of the matrix is plagioclase, potassium feldspar, and 
quartz. 
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Flow banding or trachytic texture is seen in all 
the samples of welded tuffs. 
Two samples were taken of the obsidian layer, nos. 
27 and 35 (see plate 1).  In both cases the samples turned 
out to be vitrophyres, with 6 to 19% of the thin-sections 
being crystalline.  Both samples are classified as olivine 
andesite vitrophyres.  The composition of the subhedral 
to euhedral plagioclase in sample no. 27 is andesine 
(Ab  ) , whereas sample no. 35 contains subhedral to euhed- 68 
ral plagioclase whose average composition is labradorite 
(Ab__).  Along with olivine, the other minerals which 
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occur are hypersthene (only in sample no. 27) and biotite 
(only in sample no. 35).  In both samples, flow banding 
is observed, and perlitic cracks occur in sample no. 35. 
Petrography of  the Intrusives 
One sample was taken from each of the two major 
intrusive rocks found in the study area, that is, from 
the Castle Rock and the Porphyry Peak Intrusives. 
The Castle Rock Intrusive (no. 45) is a diorite. 
The phenocrysts consist of plagioclase (Ab _), hornblende, 8 J 
augite, and biotite.  The ground mass consists of plagio- 
clase, pyroxene, and opaques.  From these facts it was 
determined that the Castle Rock Intrusive is a fine 
grained porphyritic hornblende diorite. 
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The Porphyry Peak Intrusive (no. 41) is a fine 
grained biotite syenite.  The phenocrysts consist of 
orthociase, plagioclase (Ab  ), quartz, and biotite. 
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Orthociase is the dominant feldspar in the rock.  The 
ground mass consists of potassium feldspar and plagio- 
clase, with the plagioclase being a minor constituent. 
Four other samples were taken of the various dikes 
(nos. 1, 2, 5, and 6).  The results of the study of 
these samples can be seen in Appendix 1.  The dikes 
range in composition from basalt to rhyolite. 
Petrography of the Volcanogenic Sandstone, and the 
Flows Occurring Withirv It 
The sandstone which occurs in the study area is a 
volcanogenic sandstone.  The major minerals which occur 
in the rock are plagioclase, volcanic glass, and quartz 
(in decreasing order of abundance).  The clasts are very 
angular and nowhere was an unabraded crystal detected. 
Layering is very apparent in thin-section, and some of 
the laminations appear to be graded.  The sorting is 
moderate in the coarser layers, and good in the fine 
layers.  It is classified as a volcanogenic wacke.  Pro- 
bably it is of fluviatile origin. 
The flows which are intercalated with the sandstone 
all appear to be andesitic.  Most are hemicrystal1ine, 
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with the glass making up a considerable portion of the 
ground mass.  Besides phenocrysts of plagioclase, which 
range in composition from Ab   to Ab_. (andesine), the 
o 0        SO 
major phenocrysts are pyroxenes (hypersthene and augite), 
and olivine.  The flows show no particular trend in com- 
position with stratigraphic position in the sandstone. 
The flows have been classified as olivine-pyroxene ande- 
sites or pyroxene andesites. 
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CONCLUSIONS 
Three distinct types of volcanics occur in the 
Challis Volcanics which crop out along the slopes of the 
White Knob Mountains facing the East Fork of the Big 
Lost River.  The three types of volcanics are flows, 
breccias or agglomerates, and welded tuffs.  Classifica- 
tion into one of these three types is done on the basis 
of macroscopic textural features.  Fourteen out of forty- 
eight samples collected are volcanic flows, eleven are 
agglomerates, and eleven are welded tuffs.  Two samples 
were taken from a traceable obsidian layer which crops 
out in this area (see plate 1).  The mineralogy of the 
volcanic flows can be used to subdivide them in the 
field, although the actual mineralogical composition of 
the flow as seen in thin-section does not always agree 
with the composition determined from hand specimen 
analysis, e.g.; sample no. 16 (see above).  The composi- 
tion of the flows ranges from basalt to dacite.  The 
'"6 
agglomerates can be subdivided in the field on the 
basis of their color.  Samples no. 28 and 29, for 
example, differ from the other agglomerate samples by 
their unique color.  The samples of welded tuffs all 
appear to be the same in their color and mineralogy 
when the hand specimens are examined.  These results hold 
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some promise that the Challis Volcanics cropping out along 
the slopes of the White Knob Mountains facing the East 
Fork of the Big Lost River may be divided into subforma- 
tional units in the field. 
Further division of the Challis Volcanics, as well as 
clarification of the field divisions can be accomplished 
by means of petrographic study.  Varietal minerals and the 
composition of the agglomerates and welded tuffs can be 
determined by petrographic study, allowing for further 
subdivision of the flows, agglomerates, and welded tuffs. 
Detailed petrographic studies of the Challis Volcan- 
ics can be used to map subformational units of the Challis 
Volcanic Formation, although this may not be a simple 
task.  The topography of the area was apparently highly 
irregular at the time of the Challis eruptions and this 
causes a wide variation in the thickness of the subforma- 
tional units of the Challis Volcanics.  A particular unit 
may even be missing in an area due to topographic fea- 
tures at the time of its eruption. 
Another complexity which would have to be dealt with 
in the mapping of these subformational units is the com- 
plex faulting which has occurred in the area during and 
since the eruption of the Challis Volcanics.  This fault- 
ing may have lead to a repeat of several sections of the 
Challis Volcanics in the area. 
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This investigation does not attempt to map or define 
any subformational units, but does attempt to lay the 
groundwork for such a subdivision. 
The present study shows that, although minor basalt 
and dacite occur in the section, andesites and andesitic 
volcanics clearly predominate.  The compositional data 
agree with those of Nelson and Ross (1969), who stated 
that the Challis Volcanics in the study area belong to 
Ross's previously defined latite-andesite member.  Slight 
disagreement with Nelson and Ross (1969) occurs because 
they assumed little deformation to have taken place in 
the Challis Volcanics of the study area, whereas the 
present study shows that considerable deformation has 
occurred. 
Two notable mineralogical peculiarities occur in 
the Challis Volcanics: 
1. The composition of the plagioclase phenocrysts 
show little relation to the chemical composition 
of the rocks in which they occur, thus explain- 
ing the coexistence of sodic plagioclase and 
olivine in an andesite. 
2. Two varieties of plagioclase phenocrysts are 
mutually associated, that is, uniform crystals 
in the same sample with zoned crystals. 
These features have been observed in other areas of 
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Ws? 
andesitic volcanism, for example, the San Juan Volcanica 
(Cross and Larson, 1935; Larson, et al . , 1937; Larson, 
1938a; Larson, 1938b; and Turner and Verhoogen, 1960). 
The present author has mapped outcrops of a volcano- 
genie sandstone in the area.  This sandstone fits the 
description of sandstones considered to be part of the 
Germer tuffaceous member of the Challis Volcanica in the 
Bayhorse region (Ross, 1937).  The Germer tuffaceous 
member overlies the lattite-andesite member, as does 
this sandstone, but further study is needed to establish 
a connection or lack thereof between the two.  Further 
study is also needed to determine the conditions under 
which these sandstones were deposited. 
The present study has verified the fact that Late 
Tertiary or Quaternary deformation has taken place in 
the White Knob Mountain area.  This deformation post- 
dates the recognized Laramide Orogeny in this area, 
but the structural trends are similar.  The structural 
trend of this Late Tertiary deformation is consistent 
throughout south-central Idaho, and, further study of 
the structures in this area could lead to a better 
understanding of the Late Tertiary tectonism in this 
region. 
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APPENDIX I 
Petrographic Report 
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Sample No. 1 - Intrusive 
Texture 
Degree of Crystal1inity - Holocrystal1ine 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Andesine) 6o  3 2 
identifying factors - B(-), 2V « 80 - 
85°, albite twins 
Varietal Minerals 
Biotite - identifying factors - B(-), 2V = 10 , 
pleochroic - light brown to dark 
brown 
Hypersthene - identifying factors - B(-), pleochroic- 
light green to dark brown, parallel 
extinc tion 
Accessory Minerals 
Quartz - identifying factors - U( + ), low 
birefringence, lacks cleavage 
Opaques 
Ground Mass - dominantly plagioclase with minor quartz 
and potassium feldspar 
Rock Name - Hornblende Diorite 
Point Count Data - 
Total Counts - 400 
59 
Mineral No. of Counts Percentage i Error 
Plagiocl ase 85 21 .25 ♦ 7 .26 
Hypersth ene 19 4 .75 ♦ 3 .78 
Quartz 17 4.25 ♦ 3. 58 
Biotite 14 3 . 50 ♦ 3 .26 
Opaques 12 3.00 ♦ 3.03 
Other 3 .75 ♦ 1 .54 
Ground Mass 250 62.50 ♦ 8.59 
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Sample No. 2 - Intrusive 
Texture 
Degree of Crystallinity - Hemicrystal1ine 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab__An,_ (01igioclase) 8 5  lb 
identifying factors - B(+), 2V - 85 - 
90°, albite twins 
Accessory Minerals 
Olivine -     composition-FoQQ ..Fa.. ,n(Fosterite) 
identifying factors - B(+), 2V«88-90°, 
Augite - 
high birefringence 
o identifying factors - B(+), 2V » 40 , 
prismatic crystals 
Opaques 
Ground Mass - dominantly plagioclase and glass 
Rock Name - Diorite 
Point Count Data - 
Total Counts - 400 
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Mineral No . of Counts 
Plagiocl ase 147 
Olivine 11 
Opaques 12 
Augite 9 
Other (g lass 10 
shards) 
Ground Mass 211 
Percentage * Error 
36.75 ♦ 8.55 
2 .75 ♦ 2.94 
3.00 ♦ 3.07 
2.25 ♦ 2 .81 
2 .50 t 2.81 
52.75 1 8.86 
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Sample No. 3 - 
Texture 
Degree of Crystallinity - Holocrystal1ine 
Granularity - Aphanitic 
- microcrystal1ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An  Ab   (Labradorite) 
o identifying factors - B(+), 2V ■ 68 
to 75 , albite twins, etc. 
Varietal Minerals 
Hornblende -  identifying factors <=>- B(-), 2V » 75 
85°, pleochroic - green to dark 
brown, cleavage ^ 120°, 60° 
other physical characteristics - 
rimmed by opaques 
Accessory Minerals 
Augite -      identifying factors - B( + ) , 2V » 5 5 
brown color, does not have parallel 
extinction 
Olivine - composition - FoQQ_90Fa1 2-\ 0 <F°sterite) 
identifying factors - B(+), 2V = 88 - 
90°, high birefringence 
Opaques 
Ground Mass - consists chiefly of plagioclase, augite, 
and opaques; with minor glass 
Rock Name - Hornblende Andesite 
Point Count Data - 
Total Counts - 400 
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Mineral No. of Counts 
Plagioclase 45 
Hornblende 20 
Augite 6 
Olivine 4 
Opaques 14 
( including 
reaction rims) 
Ground Mass 311 
Percentage ♦ Error 
11.25 ♦ 5.95 
5.00 ♦ 3.97 
1.50 ♦ 2.17 
1.00 ♦ 1.77 
3.50 ± 3.28 
77.75 ± 7.38 
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Sample No. 4 - 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Agglomeritic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An _Ab   (Labradorite) 
identifying factors - B(+), 2V £ 74 
extinction angle "k   25 
twins, etc. 
albite 
Orthoclase - 
other physical characteristics - 
highly altered to sericite, shows 
normal zoning 
identifying factors - B(-), 2V - 50 - 
60°, low birefringence, lacks twins 
other physical characteristics - 
occurs as large, embayed crystals 
(could be Xenoliths) 
Varietal Minerals 
Hypersthene - identifying factors - B(-), 2V > 70 
parallel extinction, pleochroic - 
light green to dark green 
other physical characteristics - 
replaced by opaques 
Accessory Minerals 
Quartz - identifying factors - U(+), 1st order 
white under crossed nicols, no good 
cleavages 
other physical characteristics - 
embayed 
Opaques 
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Ground Mass - consists of quartz, plagioclase, and 
orthoclase 
Rock Name - Dacitic Agglomerate 
Point Count Data - 
Total Counts - 400 
Mineral 
Plagioclase 
Orthoclase 
Hypersthene 
Quartz ' 
Opaques (including 
pyroxene alteration 
rims) 
Ground Mass 
No. of Counts 
91 
16 
30 
5 
17 
242 
Percentage ±   Error 
22.75 ± 8.46 
4.00 1 3.55 
7.50 ± 4.86 
1.25 1 1.98 
4.25 ± 4.17 
60.50 ± 8.67 
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Sample No. 5 - Intrusive 
Texture 
Degree of Crystallinity - Hemicrysta11ine 
Granularity - Aphanitic 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- felsophyric to 
vitrophyric 
Mineralogy 
Essential Minerals 
Plagioclase - too altered to identify, highly 
altered to sericite 
Varietal Minerals 
Augite - identifying factors - B( + ), 2V ■ 50 
prismatic crystals 
other physical characteristics - 
replaced by chlorite 
Secondary Minerals 
Chlorite -    identifying factors - pleochroic - 
light green to darker shades of 
green, "Berlin blue" extinction 
color 
other physical characteristics - 
crystals seem to be replacing 
augite 
Accessory Minerals 
Opaques 
Ground Mass - dominantly plagioclase, but many crystals 
are too altered to identify 
Rock Name - Basalt 
Point Count Data - 
- no point count taken 
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Sample No. 6 - Intrusive 
Texture 
Degree of Crystallinity - Hemicrystalline 
Granularity - Aphanitic 
- microcrystalline to crypto- 
crystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic to 
vitrophyric 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An _-Ab__. (Andesine) 50  50 
identifying factors - B(+), 2V - 80 , 
extinction angle = 20°, albite 
twins 
Varietal Minerals 
Quartz - identifying factors - U( + ) , low 
birefringence, lacks cleavage 
Accessory Minerals 
Hornblende -  identifying factors - B(-), pleochroic- 
light green to dark brown, six-sided 
crystals 
Opaques 
Ground Mass - dominantly plagioclase, with glass 
Rock Name - Monzonite 
Point Count Data - 
Total Counts - 400 
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Mineral 
Plagioclase 
Hornblende 
Quartz 
Opaques 
Ground Mass 
No . of Counts 
56 
1 
29 
2 
312 
Percentage t   Error 
14.00 i 5.76 
.25 1 .77 
7.25 t 4.15 
.50 ♦ 1.09 
78.00 ± 6.38 
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Sample No. 8 - 
Texture 
Degree of Crysta11inity - Holocrystalline 
Granularity - Aphanltic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Seriate 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An. (Albite) 
identifying factors - B(+), 2V « 70 , 
extinction angle = 10°, albite twins 
other physical characteristics - 
altered to sericite in most cases 
Orthoclase - identifying factors - B(-), 2V 2? 30 , 
lack of twins, low birefringence 
Varietal Minerals 
Aegirine - identifying factors - B(-), 2V » 30 , 
green color, slightly pleochroic to 
brown 
other physical characteristics - 
altered slightly to chlorite 
Accessory Minerals 
Quartz - identifying factors - U(+), 1st order 
white under crossed nicols, anhedral 
grains 
Opaques 
Ground Mass - consists of plagioclase, orthoclase, and 
quartz 
Rock Name - Soda Trachyte 
Point Count Data - 
Total Counts - 400 
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Mineral No. of Counts 
Plagioclase 145 
Orthoclase 57 
Aegirine 28 
Quartz 8 
Other (includ es 11 
minor opaques & 
pyroxene altera- 
tion products) 
Ground Mass 
Percentage ? Error 
36.25 t 8.00 
9.25 ♦ 5.06 
7.00 t 4.40 
2.00 t 2.35 
2.7 5 ± ?.76 
171 42.75 ± 8.23 
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Sample No. 9 - 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanitic 
- microcrystal1ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Agglomeritic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (01iogioclase) 
identifying factors - B(-), 2V £ 80°, 
extinction angle = 15°-20° 
twins, etc. 
albite 
other physical characteristics - 
altering to sericite 
Varietal Minerals 
Hypersthene -   identifying factors - B(-), 2V - 70 
parallel extinction, weakly pleo- 
chroic-brown to green, prismatic 
crystals 
other physical characteristics - 
altering to chlorite 
Accessory Minerals 
Opaques 
Ground Mass - dominated by plagioclase with some 
pyroxene and minor quartz 
0 
Rock Name - Andesitic Agglomerate 
Point Count Data - 
Total Counts - 4O0 
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Mineral No of Counts 
Plagioclase 4 7 
Hypersthene 11 
Opaques 6 
Ground Mass 336 
Percentage t   Error 
11 .75 2 4.79 
2.75 ♦ 2.32 
1.50 ♦ 1.71 
84.0  ± 5.12 
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Sample No. 10 - 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanitic 
- microcrysta11ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Andesine or 
Oligioclase) 
identifying factors - B(-), 2v ■ 75 - 
80°, albite twins, extinction angle 
20°-25° 
other physical characteristics - 
highly altered and embayed crystals 
Varietal Minerals 
o Hornblende -  identifying factors - B(-), 2V ■ 70 , 
six-sided euhedral crystals showing 
cleavages at 60° and 120° 
other physical characteristics - 
highly altered, being replaced by 
fine grained augite, biotite, 
chlorite, and opaques 
Ground Mass - dominantly plagioclase and pyroxene, 
with minor opaques and quartz 
Rock Type - Hornblende Andesite 
Point Count Data - 
Total Counts - 400 
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Mineral 
Hornblende 
(including altera- 
tion products) 
Plagioclase 
Opaques 
Ground Mass 
No. of Counts 
45 
29 
9 
317 
Percentage t   Error 
11 .2S ♦ 4.69 
7.25 ♦ 3.76 
2.25 ♦ 2.10 
79.25 ♦ 5.67 
X 
75 
Sample No. 11 - 
Texture 
Degree of Crystallinity - Holocrystal1ine 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Flow banding 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An  Ab   (Labradorite) 
o 0  4 0 
identifying factors - B(+), 2V - 85°- 
90°, extinction angle = 25°-30°, 
albite twins 
Accessory Minerals 
Biotite - identifying factors - pleochroic - 
light brown to dark brown, mottled 
extinction 
Opaques 
Ground Mass - dominantly plagioclase with minor opaques 
Rock Name - Andesitic Tuff 
Point Count Data - 
Total Counts - 400 
Mineral 
Plagioclase 
Opaques 
Biotite 
Ground Mass 
No. of Counts 
18 
16 
10 
<, 356 
Percentage ± Error 
4 .50 i 2.96 
4.00 ♦ 2.79 
2.50 ± 2.21 
89.00 ± 4.37 
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Sample No. 12 - 
Texture 
Degree of Crystallinity - Holocrystal1ine 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Agglomeritic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab_ An   (Andesine) 
identifying factors - B(-), 2V - 80 
extinction angle - 15°, albite 
twins 
crystals embayed and altered to 
other physical characteristics - 
sericite 
Varietal Minerals 
o 
Biotxte -     identifying factors - B(-), 2V ■ 10 , 
pleochroic - light brown to dark 
brown 
Accessory Minerals 
Orthoclase - identifying factors - B(-), 2V « 50 , 
no twinning 
other physical characteristics - 
crystals embayed 
Zircon -     identifying factors - U(+), high 
relief, high birefringence 
Secondary Minerals 
Chlorite -   identifying factors - pleochroic - 
light green to dark green, "Berlin 
blue" extinction color 
other physical characteristics - 
pseudo-hornblende - sees to be 
replacing hornblende (hornblende 
is completely replaced) 
77 
Ground Mass - dominantly plagioclase and opaques, 
with minor quartz, potassium feldspar, 
and augite 
Rock Name - Andesitic Agglomerate 
Point Count Data - 
Total Counts - 400 
Mineral No . of Counts 
Plagioclase 136 
Biotite 14 
Orthoclase 10 
Chlorite 10 
Opaques 4 
Zircon 2 
Ground Mass 224 
Percentage ± Error 
34.00 i 8.40 
3.50 ± 3.32 
2.50 ± 2.81 
2.50 ± 2.81 
1.00 ± 1.77 
.50 ± 1.25 
56.00 ± 8.81 
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Sample No. 13 - 
Texture 
Degree of Crystallinity - Hemicrystal1ine 
Granularity - Aphanitic 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- vitrophyric 
- Flow banding 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab__An,_ (Andesine) 6b   3D 
identifying factors - B<-), 2V - 85 , 
extinction angle = 20°, albite 
twins 
other physical characteristics - 
crystals are reversed zoned 
Varietal Minerals 
Olivine -     composition - Fo  Fa. 
o identifying factors - B(+), 2V ■ 75 , 
high birefringence 
Biotite -     identifying factors - pleochroic - 
light brown to dark brown, mottled 
extinction 
Accessory Minerals 
Opaques 
Ground Mass - 100% glass 
Rock Name - Andesitic Tuff v 
Point Count Data - 
Total Counts - 400 
79 
Mineral No. of Counts 
Plagioclase 50 
Biotite » 9 
Olivine 4 
Opaques 4 
Ground Mass 333 
Percentage t   Error 
12.50 t 5.45 
2.25 $ 2.31 
1.00 ♦ 1.54 
1.00 ♦ 1.54 
83.25 ♦ 5.75 
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Sample No. 14 - 
Texture 
Degree of Crystal1inity - Holocrystalline 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (01igioclase) 8 J  lb 
identifying factors - B( + ), 2V - 80 - 
85°, extinction angle = 10°, albite 
twins , etc . 
other physical characteristics - 
altered to sericite 
Orthoclase - identifying factors - B(-), 2V ■ 50 - 
60°, 1st order white under crossed 
nicols, etc. 
other physical characteristics - 
embayed 
Secondary Minerals 
Chlorite - identifying factors - pleochrism - 
slight - light green to medium green, 
"Berlin blue" interference color 
other physical characteristics - 
appears as pseudo-hypersthene, pro- 
bably an alteration product 
Ground Mass - dominantly plagioclase, with potassium 
feldspar, opaques, and minor pyroxene 
Rock Name - Latitic Agglomerate 
Point Count Data - 
Total Counts - 400 
81 
Mineral 
Plagioclase 
No of Counts    Percentage t Error 
Chlorite 
(pseudo-hypersthene) 
Orthoclase 
Opaques 
Ground Mass 
93 
34 
7 
5 
261 
23.25 t 6.51 
8 . 50 t 4.49 
1.75 t 2.04 
1.25 ♦ 1.72 
65.25 t 7.33 
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Sample No. 15 - 
Texture 
Degree of Crystallinity - Hemicrystal1ine 
Granularity - Aphanitic 
- microcrystalline* to crypto- 
crystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic to 
felsophyric 
- Flow banding 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Andesine) 6 5  3 5 
identifying factors - B(-), 2V - 85 - 
90°, extinction angle » 20°, albite 
twins 
Accessory Minerals 
Biotite -     identifying factors - pleochroic - 
light brown to dark brown, mottled 
extinction 
Secondary Minerals 
Opaques - often appear as psuedo-hornblende (horn- 
blende completely replaced) 
Ground Mass - dominantly plagioclase and glass with 
minor opaques 
Rock Name - Hornblende Andesite (altered) Tuff 
Point Count Data - 
Total Counts - 400 
Mineral No. of Counts 
Plagioclase 24 
Biotite 5 
Opaques 8 
Ground Mass 363 
Percentage ± Error 
6.00 ± 3.77 
1.25 ± 1.72 
2.00 ± 2.31 
90.75 ± 4.46 
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Sample No. 16 - 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanitic 
- microcrystal1ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An _Ab _ (Labrador!te) 6 b   3 b O identifying factors - B( + ), 2V - 85 , 
extinction angle = 30°-35°, albite 
twins 
other physical characteristics - 
crystals are embayed and slightly 
altered to sericite 
« 
Varietal Minerals 
o 
Hypersthene - identifying factors - B(-), 2V ■ 65 - 
70°, parallel extinction, pleochroic 
light green to dark brown 
Accessory Minerals 
Opaques 
Other - eight-sided crystal, which is almost com- 
pletely altered to biotite and opaques, 
otherwise unidentifiable 
Ground Mass - consists of plagioclase and pyroxene 
Rock Name - Pyroxene Andesite 
Point Count Data - 
Total Counts - 400 
84 
Mineral 
Plagioclase 
Other (unidenti- 
fiable mineral) 
Hypersthene 
Opaques 
Ground Mass 
No of Counts 
71 
24 
13 
13 
279 
Percentage 1 Error 
17.75 ♦ 6.49 
6.00 ♦ 3.77 
3.25 ♦ 2.78 
3.25 ♦ 2.78 
69.75 ♦ 7.08 
j» 
85 
V 
Sample No. 17 - Unit An4 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
„- porphyritic 
- Trachytic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An Ab   (Labradorite) 
identifying factors - B(+), 2V ■ 80 , 
albite twins 
Varietal Minerals 
Augite - identifying factors - B(+), pleochroic- 
light green to dark brown 
Secondary Minerals 
Calcite -     identifying factors - U(-), clear 
color, rhombohedral cleavage 
other physical characteristics - 
crystals surrounded by a rim of 
opaques, seem to be filling cavities 
Ground Mass - dominantly plagioclase with minor opaques 
Rock Name - Basalt 
Point Count Data - 
Total Counts - 400 
Mineral 
Plagioclase 
Augite 
Calcite 
Ground Mass 
No. of Counts 
20 
18 
17 
345 
Percentage i Error 
5.00 1 3.44 
4.50 ± 3.18 
4.25 ± 3.00 
86.00 ♦ 5.34 
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Sample No. 18 - 
Texture 
Degree of Crystallinity - Hemicrystalline 
Granularity - Aphanitic 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- vitrophyric 
- Flow banding apparent 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab._An   (Andesine) 65  35 
xdentifying factors - B(-)f 2V « 85 - 
90°, extinction angle - 20°, albite 
twins 
other physical characteristics - 
normally zoned crystals, altering 
to sericite 
Varietal Minerals 
Augite - identifying factors - B(+), 2V » 50 , 
pleochroic - light green to dark 
brown, prismatic crystals 
Accessory Minerals 
Opaques 
Ground Mass - completely glass 
Rock Name - Andesitic Tuff 
Point Count Data - 
Total Counts - 400 
Mineral No. of Counts 
Plagioclase 40 
Augite 5 
Opaques 1 
Ground Mass 354 
87 
Percentage ± Error 
10.00 ± 4.42 
1.25 ± 1.56 
.25 ±  .69 
88.50 ± 4.46 
Sample No. 19 - 
Texture 
Degree of Crystallinity - Hemicrystal1ine 
Granularity - Aphanitlc 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Flow banding apparent 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab -An   (01igioclase) 8 o  1 2 
identifying factors - B(+), 2V - 80 - 
85°, extinction angle = 10°, albite 
twins 
Varietal Minerals 
Hypersthene - identifying factors - B(-), parallel 
extinction, pleochroic - light green 
to dark brown 
other physical characteristics - 
altering to chlorite 
Accessory Minerals 
Apatite - identifying factors - U(-)f elongate 
crystals 
Ground Mass - dominantly plagioclase and glass with 
opaques and minor apatite 
Rock Name - Andesitic Tuff 
Point Count Data - 
Total Counts - 400 
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Mineral No . o f Counts 
Piagioclase 15 
Hypersthene 5 
Apatite 1 
Ground Mass 379 
Percentage t   Error 
3.75 ♦ 2.71 
1.25 ♦ 1.56 
.25 ♦   .69 
94.75 ♦ 3.12 
89 
Sample No. 20 - 
Texture 
Degree of Crystallinity - Hemicrystalline 
Granularity - Aphanitic 
- microcrystalline 
GrainSizeand 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic to 
vitrophyric 
- Trachytic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - *b     hn (Andesine) 
identifying factors - B( + ), 2V - 80 - 
85°, extinction angle * 20°, albite 
twins 
other physical characteristics - 
crystals are highly embayed 
Orthoclase -  identifying factors - B(-), 2V - 50 - 
60°, low birefringence, lacks twin- 
ning 
Varietal Minerals 
Quartz -      identifying factors - U(+), low 
birefringence, lacks cleavage 
other physical characteristics - 
crystals are highly embayed 
Accessory Minerals 
o 
Augite -      identifying factors - B(+), 2V ■ 50 , 
pleochroic - light green to dark 
green, prismatic crystals 
Biotite -     identifying factors - B(-), 2V - 10 , 
many color rings in interference 
figure, pleochroic - light brown to 
dark brown 
90 
Ground Mass - consists of glass, plagioclaae, 
potassium feldspar, quartz and 
opaques 
Rock Name - Dacitic Tuff 
Point Count Data - 
Total Counts - 400 
Mineral 
Orthoclase 
Plagioclase 
Quartz 
Augite 
Biotite 
Ground Mass 
No. of Counts 
19 
17 
12 
6 
3 
343 
Percentage ± Error 
4.75 ± 3.63 
4.25 ± 3.43 
3.00 ± 2.88 
1.50 ± 2.04 
.75 ± 1.44 
85.75 ± 5.82 
91 
Sample No. 21 - 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Granophyric intergrovths 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab£CAn   (Andesine) 
DJ  3 S 
identifying factors - B(-), 2V - 85 - 
90°, extinction angle ■ 20°, albite 
twins 
other physical characteristics - 
normally zoned crystals 
Orthoclase -  identifying factors - B(-), 2V » 50 , 
low birefringence, lacks twinning 
other physical characteristics - 
contains granophyric intergrowths 
of quartz 
Varietal Minerals 
Quartz        identifying factors - U(+), low 
birefringence, lacks cleavage 
other physical characteristics - 
crystals are highly embayed, other 
quartz occurs as granophyric inter- 
growths with orthoclase 
Accessory Minerals 
Biotite -     identifying factors - B(-), mottled 
extinction, pleochroic - light 
brown to dark brown 
other physical characteristics - 
crystals highly corroded 
92 
Ground Mass - consists of quartz, sodic plagioclaae, 
potassium feldspar an<? opaques 
Rock Name - Quartz Dacite 
Point Count Data - 
Total Counts - 400 
Mineral No. of Counts 
Plagioclase 20 
Quartz 14 
Orthoclase 4 
Biotite 1 
Ground Mass 361 
Percentage ± Error 
5.00 ± 3.44 
3.50 ± 2.88 
1.00 ± 1.54 
.25 ± .77 
90.25 ± 4.57 
93 
Sample No. 22 - 
Texture 
Degree of Crystallinity - Henicrystalline 
Granularity - Aphanitic 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- vitrophyric 
- Flow banding apparent 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab__An__ to Ab__An 65  35       50  50 
(Andesine) 
identifying factors - B(+) to B(-)# 
2V = 75°-90°, extinction angle - 15 
to 25°, albite twins 
other physical characteristics - 
crystals are embayed 
Varietal Minerals 
Augite - identifying factors - B(+), 2V » 50 , 
pleochroic - pale green to dark 
green, prismatic crystals 
Ground Mass - almost totally glass with minor opaques 
and plagioclase 
Rock Name - Pyroxene Andesite 
Point Count Data - 
Total Counts - 400 
Mineral No. of Counts 
Plagioclase 26 
Augite 5 
Ground Mass 369 
Percentage ± Error 
6.50 ± 3.12 
1.25 ±1.37 
92.25 ± 3.27 
94 
Sample No. 23 - 
Texture 
Degree of Crysta11inity - Holocrystalline 
Granularity - Aphanitic 
- microcrystalline to crypto- 
crystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Trachytic texture 
Mineralogy 
Essential Minerals 
Plagioclase — composition - An__Ab _ (Labrador!te) b b  4 b 
identifying factors - B( + ), 2V - 75 - 
80 , extinction angle = 30°, albite 
twins 
other physical characteristics - 
normally zoned crystals, slightly 
more sodic on the edges (An._Ab__) 
4 5    33 
Varietal Minerals 
Hypersthene - identifying factors - B(-), parallel 
extinction, prismatic crystals, 
slightly pleochroic - light green 
to dark brown 
other physical characteristics - 
partially reaching to form biotite 
(minor) 
Ground Mass - dominated by plagioclase with many 
opaques 
Rock Name - Andesitic Tuff 
Point Count Data - 
Total Counts - 400 
95 
Mineral 
Plagioclase 
Hypersthene 
Ground Mass 
NO. of Counts Percentage t   Error 
11 2.75 t    2.03 
9 2.25 1 1.84 
380 95.00 1 2.67 
96 
Sample No. 24 - 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Agglomeritic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab__An   (01igioclase) 
identifying factors - B(-), 2V « 80 - 
85°, extinction angle » 5°, albite 
twins 
other physical characteristics - 
highly embayed crystals 
o 
Microcline -  identifying factors - B(-), 2V ■ 30 - 
40 , "cross-hatched" twinning 
other physical characteristics - 
crystals highly embayed 
Varietal Minerals 
Quartz -      identifying factors - U( + ), low 
birefringence, lack of cleavage 
Hypersthene - identifying factors - B(-), parallel 
extinction, pleochroic - light green 
to darb brown 
Accessory Minerals 
Biotite -     identifying factors - B(-), low 2v, 
many color rings in interference 
figure, pleochroic - light brown 
to dark brown 
Opaques ' 
97 
Ground Mass - consists of plagioclase, quartz, and 
potassium feldspar, with minor opaques 
Rock Name - Dacitic Agglomerate 
Point Count Data - 
Total Counts - 400 
Mineral No. of Counts Percentage ± Error 
Plagioclase 92 23.00 t 7.47 
Microcline 44 11.00 ♦ 5.88 
Hypersthene 15 3.75 ± 3.44 
Quartz 10 2.50 ± 2.81 
Biotite 6 1.50 + 2.17 
Opaques 2 .50 + 1.25 
Ground Mass 232 58.00 + 8.76 
98 
Sample No. 25 - 
Texture 
Degree of Crystallinity - Hemicrystal1ine 
Granularity - Aphanitic 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- vitrophyric 
- Flow banding apparent 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab£_An   (Andesine) 
identifying factors - B(-), 2V ■ 85 - 
90°, extinction angle - 20°, albite 
twins, etc. 
Accessory Minerals 
Hypersthene - identifying factors - B(-), parallel 
extinction, pleochroic - light green 
to dark brown, prismatic crystals 
Opaques 
Ground Mass - dominantly glass, with ash particles 
and microlites 
Rock Name Andesitic Tuff 
Point Count Data - 
Total Counts - 400 
Mineral No. of Counts 
Plagioclase 44 
Opaques 6 
Hypersthene tv 4 
Ground Mass 346 
Percentage ± Error 
11.00 ± 4.63 
1.50 ± 1.70 
1.00 ± 1.40 
86.50 t 4.77 
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Sample No. 26 - 
Texture 
Degree of Crystallinity - Hemicryatalline 
Granularity - Aphanitic 
- microcrystalline to crypto- 
crystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic to 
vetrophyric 
- Agglomeritic texture - rock 
fragments are noticeable 
Mineralogy 
Essential Minerals 
Plagioclase - composition - AnAnA^   (Labradorite) 
identifying factors - B(+), 2V ■ 80 , 
extinction angle = 30°, albite twins 
Varietal Minerals 
Hypersthene - identifying factors - B(-), parallel 
extinction, pleochroic - light green 
to dark brown 
Accessory Minerals 
Opaques 
Ground Mass - consists mainly of glass and plagioclase 
with minor pyroxene 
Rock Name - Andesitic Agglomerate 
Point Count Data - 
Total Counts - 400 
100 
Mineral No. of Counts 
Plagioclase 21 
Opaques 6 
Hypersthene 3 
Ground Mass 370 
Percentage t   Error 
5.25 ♦ 3.20 
1.50 t   1.71 
.75 t   1.21 
92.50 ♦ 3.68 
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Sample No. 27 - 
Texture 
Degree of Crystallinity - Hemicrysta11ine 
Granularity - Aphanitic 
- cryptocrystalllne 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- vitrophyric 
- Flow banding apparent 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Andesine) 68   3 2 
identifying factors - B(-), 2V ■ 80 - 
85°, extinction angle * 15°, albite 
twins, etc. 
other physical characteristics - 
crystals are embayed 
Varietal Minerals 
Olivine -     composition - Fo     Fa     (Fosterite) 
identifying factors - B(+), 2V ■ 88- 
90°, lacks cleavage, high bire- 
fringence 
other physical characteristics - 
highly fractured crystals 
Hypersthene - identifying factors - B(-), 2V « 85 , 
parallel extinction, prismatic 
crystals 
other physical characteristics - 
crystals seemed to be altering to 
chlorite (minor) 
Accessory Minerals 
Opaques 
Ground Mass - one hundred percent glass 
102 
Rock Name - Olivine-Pyroxene Andesite or an Andesitic 
Tuff 
Point Count Data - 
Total Counts - 400 
Mineral 
Plagioclase 
Hypersthene 
Olivine 
Opaques 
Ground Mass 
No. of Counts Percentage ± Error 
16 4.00 ♦ 3.08 
4 1 .00 ± 1.54 
2 .50 ♦ 1.09 
3 .75 ± 1 . 33 
375 93.75 ± 3.73 
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Sample No. 28 - 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Agglomeritic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Labrador!te) 
to Ab40An6Q 
identifying factors - B(+), 2V - 75 - 
80°, albite twins, extinction angle 
> 25° 
Secondary Minerals 
Opaques - seem to be pseudo-pyroxene (prismatic) f 
pyroxene completely replaced 
Ground Mass - dominantly plagioclase with opaques 
Rock Name - Andesitic Agglomerate 
Point Count Data - 
Total Counts - 400 
Mineral No. of Counts 
Plagioclase 2 
Opaques 5 
(pseudo-pyroxene) 
Ground Mass 39 3 
Percentage ± Error 
.5  ± .87 
1.25 ± 1.37 
98.25 ± 1.60 
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Sample No. 29 - 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanltlc 
-   nticrocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Agglomeritic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An__Ab^_ (Labradorite) 55  4 5 
identifying factors - B(+), 2V - 77 - 
80 , extinction angle ■ 20°, albite 
twins, etc. 
other physical characteristics - 
crystals are embayed, and some are 
normally zoned 
Varietal Minerals 
Pyroxene - prismatic crystals, being replaced by 
chlorite and opaques, otherwise too 
granular to determine composition 
Accessory Minerals 
Opaques 
Ground Mass - dominated by plagioclase, which is more 
sodium-rich than plagioclase occurring 
as phenocrysts, with opaques and minor 
pyroxene ) 
Rock Name - Andesitic Agglomerate 
Point Count Data - 
Total Counts - 400 
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Mineral 
Plagioclase 
Pyroxene 
(plus replacement) 
Ground Mass 
No. of Counts 
14 
13 
373 
Percentage t   Error 
3.50 t    2.29 
3.25 ♦ 2.21 
93.25 ♦ 3.07 
106 
Sample No. 30 - Intercalated flow in sandstone 
Texture 
Degree of Crystallinity - Hemicrystal1ine 
Granularity - Aphahitxc 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- vitrophyric 
- Flow banding 
Mineralogy 
Essential Minerals 
Plagioclase - composition An  Ab_  (Labradorite) 
o identifying factors - B(+), 2V - 75 , 
extinction angle » 25°, albite 
twins 
Varietal Minerals 
Olivine - composition - FoQnFain (Fosterite) 
identifying factors - B(+), 2V ■ 85- 
90°, high birefringence, lacks 
cleavage 
Ground Mass - dominantly glass, with minor microlites 
(unidentifiable) 
Rock Name - Olivine Andesite 
Point Count Data - 
Total Counts - 400 
Mineral 
Plagioclase 
Olivine 
Ground Mass 
No . of Counts 
112 
11 
277 
Percentage ± Error 
28.00 ± 6.26 
2.75 ± 2.32 
69.25 ± 6.45 
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Sample No. 30 - Intercalated flow in sandstone 
Texture 
Degree of Crystallinity - Hemicrystalline 
Granularity - Aphanitic 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- felsophyric to 
vitrophyric 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab.-An   (Andesine) 
oO  4 0 
identifying factors - B(+), 2V - 80 , 
extinction angle = 12°, albite 
twins 
other physical characteristics - 
crystals altered to sericite 
Accessory Minerals 
Hypersthene - identifying factors - B(-), high 2V, 
pleochroic - light green to brown, 
parallel extinction 
Biotite - identifying factors - B(-), 2V ■ 10 , 
pleochroic - light brown to dark 
brown 
Opaques 
Ground Mass - consists of glass, plagioclase, and 
opaques 
Rock Name - Pyroxene Andesite 
Point Count Data - 
Total Counts - 400 
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Mineral 
Plagioclase 
Hypersthene 
Biotite 
Opaques 
Ground Mass 
No. of Counts Percentage t   Error 
103 25.75 ♦ 6.74 
8 2.00 t 2.18 
1 .25 i .77 
1 .25 ♦ .77 
287 71.75 ♦ 6.93 
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Sample No. 31 - Intercalated flow in sandstone 
Texture 
Degree of Crystallinity - HemicryStalline 
Granularity - Aphanitic 
- cryptocrysta11ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- felsophyric to 
vi trophyric 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab^.An   (Andesine) 6 0  4 0 
identifying factors - B( + ), 2V - 80 , 
low extinction angle 
other physical characteristics - 
crystals embayed 
Varietal Minerals 
Augite - identifying factors - B(+)r 2V - 60 
slightly pleochroic - light green 
to light brown 
Accessory Minerals 
Biotite -     identifying factors - B(-), low 2V, 
Quartz - 
high birefringence 
identifying factors - U(+), low 
birefringence, lacks cleavage 
Ground Mass - consists of glass, plagioclase, augite, 
and opaques 
Rock Name - Pyroxene Andesite 
Point Count Data - 
Total Counts - 400 
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Mineral No . o f Counts 
Plag ioclase 90 
Augi te 7 
Biotite 4 
Quartz 2 
Ground Mass 297 
Percentage ? Error 
22.50 ♦ 6.43 
1.7 5 ♦ 2.04 
1.00 ♦ 1.54 
.50 ♦ 1.09 
74.25 i 6.74 
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Sample No. 32 - Intercalated flow in sandstone 
Texture 
Degree of Crysta11inity - Holocrysta11ine 
Granularity - Aphanitic 
- microcrysta11ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab,,An , (Andesine) 
identifying factors - B( + ), 2V = 80 , 
albite twins 
Varietal Minerals 
Olivine - composition - Fo„ Fao[r (Fosterite) 9 0  0 5 
identifying factors - B(+), 2V=85-88°, 
high birefringence 
other physical characteristics - 
crystals corroded and rimmed by 
iddings ite 
Accessory Minerals 
Augite - identifying factors - B(+), 2V = 50 , 
green color 
other physical characteristics - 
crystals replaced by biotite and 
opaques 
Ground Mass - consists of plagioclase, opaques, and 
augite 
Rock Name - Olivine Andesite 
Point Count Data - 
Total Counts - 400 
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Mineral 
01ivine 
Plagioclase 
Augite 
Biotite 
Ground Mass 
NO . of Counts Percentag le *   Error 
38 9.50 ♦ 4 .75 
23 5.75 ♦ 3.69 
8 2 .00 * 2 .18 
1 .25 ♦ .77 
330 82. 50 ♦ 5.85 
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Sample No .33- 
Texture 
Degree of Crystallinity - Holocrysta11ine 
Granularity - Aphanitic 
- microcrystal1ine 
Grain Size and 
Other Textural Features - Inequigranuiar 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Andesine) 60  4 0 
identifying factors - B(-), 2V - 80 - 
85°, extinction angle ■ 20°, albite 
twins 
other physical characteristics - 
crystals are embayed and altered to 
sericite 
Varietal Minerals 
Quartz - identifying factors - U(+), low 
birefringence, lacks cleavage 
other physical characteristics - 
crystals are highly embayed 
Secondary Minerals 
Chlorite - 
Opaques - 
identifying factors - "Berlin blue" 
extinction color, pleochroic - light 
green to clear 
other physical characteristics - 
associated with opaques replacing 
hornblende (hornblende completely 
replaced) 
appear as pseudo-hornblende, i.e., six- 
sided crystals 
Ground Mass - dominated by plagioclase and opaques with 
minor potassium feldspar, pyroxene, and 
quartz 
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Rock Name - Dacitic Agglomerate 
Point Count Data - 
Total Counts - 400 
Mineral 
Plagioclase 
Quartz 
Opaques 
Chlorite 
Ground Mass 
No. of Counts 
81 
30 
21 
3 
265 
Percentage t   Error 
20.25 ♦ 6.69 
7.50 ♦ 4.56 
5.25 ♦ 3.81 
.75 ± 1.33 
66.25 17 .87 
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Sample No 34 - 
Texture 
Degree of Crystal1inity - Hemicrystal1ine 
Granularity - Aphanitic 
- cryptocrysta11ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- vitrophyric to 
felsophyric 
- Flow banding apparent 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An Ab   (Labradorite) 6 5  3 5 
o identifying factors - B(+), 2V = 85 
extinction angle = 40°, albite 
twins, etc. 
other physical characteristics - 
often the crystals are angular 
fragments 
Accessory Minerals 
Biotite - (very minor) - identifying factors - B(-), 
low 2V, pleochroic - light brown to 
dark brown 
other physical characteristics - 
seen in mineral overgrowths of 
pyroxene 
Pyroxene - (very minor) - prismatic crystals, which 
are slightly pleochroic - light 
brown to dark green, otherwise 
indistinguishable 
Opaques 
Ground Mass - dominantly brown glass, which appears 
to be devitrifying.  This brown glass is 
interlayered with small cryptocrystal1ine 
ash layers 
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Rock Name - Andesitic Tuff 
Point Count Data - 
Total Counts - 400 
Mineral 
Plagioclase 
Opaques 
Biotite 
Pyroxene 
Ground Mass 
No. of Counts 
13 
6 
2 
1 
378 
Percentage ♦ Error 
3.25 ♦ 2.78 
1 . 50 1 1.89 
.50 ± 1.09 
.25 ±  .77 
94.50 ± 3.51 
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Sample No. 35 - 
Texture 
Degree of Crysta11inity - Hemicrysta11ine 
Granularity - Aphanitic 
- cryptocrystal1ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- vitrophyric 
- Flow banding apparent 
- Perlitic cracks occurring 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An^_Ab _ (Labradorite) 6 b  3D 
identifying factors - B(+), 2V « 80 - 
70°,extinct ion angle = 35°, albite 
twins 
other physical characteristics - 
crystals are highly embayed, and 
highly altered to sericite 
Varietal Minerals 
Olivine - composition - Fo  Fa   (Fosterite) 
88  12 
identifying factors - B(+), 2V ^ 90°» 
high birefringence 
Accessory Minerals 
Biotite - (very minor) - identifying factors - B(-) , 
low 2V, pleochroic - light brown to 
dark brown 
Opaques - (very minor) 
Ground Mass - almost totally glass with plagioclase 
laths and opaques 
Rock Name - Olivine Andesite or Andesitic Tuff 
Point Count Data - 
Total Counts - 400 
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Mineral 
01ivine 
Plagioclase 
Biotite 
Opaques 
Ground Mass 
No. of Counts 
63 
8 
2 
2 
325 
Percentage t   Error 
15.75 • 6.11 
2.00 ♦ 2.18 
.50 ♦ 1.09 
.50 ♦ 1.09 
81 .25 ♦ 6.01 
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Sample No. 36 - 
Texture 
Degree of Crystal1 inity - Holocrysta11ine 
Granularity - Aphanitic 
- microcrysta11ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Flow banding 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Andesine) 6 0  4 0 
identifying factors - B(+), 2V » 85 , 
extinction angle = 20°, albite 
twins, etc. 
other physical characteristics - 
partially altered to sericite 
Varietal Minerals 
Olivine -     composition - Fo ^« ^«Fa, -, , _ ( Fosterite) 88-90  12-10 
identifying factors - B( + ), 2V » 88- 
90 , crystals 
Accessory Minerals 
Zircon - identifying factors - U( + ), high 
birefringence, high relief 
Hypersthene - identifying factors - B(-), 2V ■ 80 , 
weakly pleochroic - light green to 
dark green, parallel extinction 
Ground Mass - dominantly plagioclase and opaques, with 
minor pyroxene 
Rock Name - Andesitic Tuff 
Point Count Data - 
Total Counts - 400 
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Mineral 
01ivine 
Plagioclase 
Zircon 
Opaques 
Hypersthene 
Ground Mass 
NO . of Counts Percentage i Error 
21 5. 25 ♦ 3. 53 
17 4 . 25 ♦ 3. 18 
13 3. 25 ♦ 3. 00 
7 1 .75 + 2 . 20 
4 1 .00 + 1 .66 
338 84. 50 + 6.02 
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Sample No. 37 - 
Texture 
Degree of Crystallinity - Holocrysta11ine 
Granularity - Aphanitic 
- cryptocrystalline to microcrystal- 
1 ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- felsophyric to 
porphyritic 
Mineralogy 
Essential Minerals 
Plagiocalse - composition - Ab __An._ (Andesine) 55  4 5 
Orthoclase - 
identifying factors - B(+), 2V » 85 - 
90°, extinction angle = 15°, albite 
twins, etc. 
other physical characteristics - 
crystals are highly altered to 
sericite in most cases 
o identifying factors - B(-), 2V = 50 - 
55°, 1st order white interference 
color, lacks twinning 
Varietal Minerals 
Quartz - identifying factors - U(+), low bire- 
fringence, lacks cleavage 
Accessory Minerals 
o 
Hornblende -  identifying factors - B(-), 2V » 56 , 
slightly pleochroic - light green - 
dark green 
Ground Mass - dominantly laths of plagioclase with 
potassium feldspar and minor mafics 
(probably pyroxene) 
Rock Name - Dacite to Quartz Dacite 
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Point Count Data - 
Total Counts - 400 
Mineral 
Plagioclase 
Quartz 
Hornblende 
Ground Mass 
No. of Counts 
62 
3 
1 
334 
Percentage t   Error 
15.50 ♦ 5.50 
.25 ♦ 1.21 
.25 * .70 
83.50 ± 5.19 
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Sample No. 38 - Sandstone 
Framework Minerals 
Plagioclase - B(+), 2V = 80 , albite twins 
Glass shards - brown glass 
Quartz - U(+), low birefringence 
Cement - unidentifiable 
Texture - 
grain size - varies from fine silt to medium sand size 
sorting - moderate in coarse layers, good in fine 
layers 
roundness - clasts are very angular 
other features - graded bedding,layering 
Rock Name - Volcanogenic Wacke 
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Sample No. 39 - 
Texture 
Degree of Crystal1inity - Holocrystal1ine 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An7nAb7n (Labradorite) 
identifying factors - B(+), 2V - 85 , 
extinction angle = 40°, albite 
twi ns 
Varietal Minerals 
Olivine -     composition - Fo  Fa  (Fosterite) 
identifying factors - B(+), 2V - 90 , 
high birefringence 
other physical characteristics - 
crystals have a reaction rim of 
iddingsite (reddish-brown) 
Ground Mass - dominantly plagioclase, but opaques and 
minor pyroxenes occur 
Rock Name - Olivine Andesite 
Point Count Data - 
Total Counts - 400 
Mineral 
01ivine 
Iddingsite 
Plagioclase 
Ground Mass 
No. of Counts 
21 
9 
1 
369 
Percentage 1 Error 
5.2 5 ♦ 3.2 0 
2.25 ♦ 2.10 
.25 1 .70 
92.25 ♦ 3.74 
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Sample No. 40 - 
Texture 
Degree of Crystallinity - Hemicrystal1ine 
Granularity - Aphanitic 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - An-_Ab__ (Labradorite) 6 5   3 b 
identifying factors - B(+), high 2V, 
extinction angle = 30°-35°, albite 
twins 
other physical characteristics - 
crystals are highly altered to 
sericite 
Varietal Minerals 
Olivine - composition - Fo  Fa   (Fosterite) 
identifying factors - B(+), 2V=85-88 , 
high birefringence, lacks cleavage 
other physical characteristics - 
crystals are highly corroded and 
are replaced by chlorite and 
iddingsite 
Accessory Minerals 
Opaques 
Ground Mass - dominantly plagioclase with pyroxene 
and minor glass 
Rock Name - Olivine Andesite 
Point Count Data - 
Total Counts - 400 
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Mineral 
Plagioclase 
Chlorite 
(from Olivine) 
01ivine 
Opaques 
Iddingsite 
(from 01ivine) 
Ground Mass 
No. of Counts 
61 
16 
8 
4 
r 
310 
Percentage i   Error 
15.25 ♦ 6.50 
4 .00 1 3.33 
2.00 1 2.35 
1.00 i 1.66 
.25 1 .83 
77 .50 ♦ 6.95 
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Sample No. 41 - Porphyry Peak Intrusion 
Texture 
Degree of Crystal1inity - Holocrystal1ine 
Granularity - Aphanitic 
- microcrystal1ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
o 
Orthoclase -  identifying factors - B(-) , 2V = 50 , 
low birefringence, no twins 
Varietal Minerals 
Plagioclase - composition - Ab^.An,,. (Andesine) 6 5  3 5 
identifying factors - B(-), 2V - 85 , 
extinction angle = 20°, albite 
twins 
Quartz - identifying factors - U(+), low 
birefringence, lacks cleavage 
Accessory Minerals 
Biotite - identifying factors - B(-), low 2V, 
pleochroic - light brown to dark 
brown 
Opaques 
Ground Mass - consists of potassium feldspar, plagio- 
clase, and opaques 
Rock Name - fine-grained biotite syenite 
Point Count Data - 
Total Counts - 400 
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Mineral No . of Counts Percentaq le ? Error 
Orthoclase 32 8.00 « 4 .71 
Quartz 12 3.00 ♦ 2 .88 
Biotite 7 1 .75 ♦ 2.20 
Plagioclase 5 1 .25 « 1 .86 
Opaques 3 .75 ♦ 1.44 
Ground Mass 341 85.25 ♦ 5.90 
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Sample No. 42 - 
Texture 
Degree of Crystall inity - Henicrystal1ine 
Granularity - Aphanitic 
- cryptocrysta11ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- vitrophyric 
- Flow banding 
Mineralogy 
Essential Minerals 
Plagioclase - unidentifiable due to crystals being 
too altered to sericite 
Varietal Minerals 
Hypersthene - identifying factors - B(-), prismatic 
crystals, parallel extinction 
other physical characteristics - 
altering to chlorite and opaques 
Accessory Minerals 
Quartz - identifying factors - U(+), low 
birefringence, lacks cleavage 
Opaques 
Rock Name - Pyroxene Andesitic Tuff 
Point Count Data - 
Total Counts - 400 
Mineral 
Plagioclase 
Hypersthene 
Opaques 
Quartz 
Ground Mass 
NO. of Counts Percentage ±   Error 
12 3 .00 ± 2.67 
3 .75 ♦ 1 .33 
2 .50 ± 1 .09 
1 .25 t .77 
382 95 . 50 ♦ 3.19 
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Sample No. 4 3 - 
Texture 
Degree of Crystallinity - Holocrysta11ine 
Granularity - Aphanitic 
- cryptocrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- felsophyric 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Andesine or 
Oligioclase) 
identifying factors - B(-), 2V ■ 
80°, extincti-n angle = 20°-25°, 
albite twins 
75°- 
Varietal Minerals 
Olivine -     composition - Fo 
90-88FaiO-12(F°Sterite) 
*€* O identifying factors - B(+), 2V ■ 08 - 
90° (high), lacks cleavage, high 
birefringence 
other physical characteristics - 
altering to iddingsite 
Hypersthene - identifying factors - B(-), 2V £ 
parallel extinction, prismatic 
crystals 
85 
other physical characteristics - 
altering to chlorite and opaques 
Secondary Minerals 
Iddingsite identifying factors - reddish-brown 
color, rims olivine, lower relief on 
olivine 
Opaques 
Ground Mass undistinguishable in most part, but one 
can observe some plagioclase laths 
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Rock Name - 01ivine-Pyroxene Andesite 
Point Count Data - 
Total Counts - 400 
Mineral No . of Counts 
Plagioclase 58 
Olivine 32 
Opaques 20 
Iddingsite 14 
Hypersthene 10 
Ground Mass 266 
Percentage t   Error 
14 .50 ± 6.33 
8.00 t 4.71 
5.00 ♦ 3.72 
3. 50 ♦ 3.11 
2.50 ♦ 2.63 
66.50 ± 7.85 
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Sample No. 44 - 
Texture 
Degree of Crystal1inity - Holocrystal1ine 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (01igioclase) 
identifying factors - B(+), 2V = 88°, 
extinction angle = 10°, albite twins 
other physical characteristics 
crystals embayed and altered to' 
sericite 
Varietal Minerals 
o 
Hornblende -  identifying factors - B(-), 2V - 70 , 
pleochroic - light green to dark 
green 
Accessory Minerals 
Biotite - identifying: factors - B(-), low 2V, 
pleochroic - light brown to dark 
brown 
Augite - identifying factors - B(+), 2V - 50 , 
elongated crystals 
Opaques 
Ground Mass - dominantly plagioclase and opaques with 
minor augite 
Rock Name - Hornblende Andesite 
Point Count Data - 
Total Counts - 400 
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Mineral No. of Counts Percentage t   Error 
Plagioclase 97 24 .25 * 7.13 
Hornblende 21 5.25 * 3.81 
Augite 8 2 .00 ♦ 2 . 3 5 
Biotite 1 .25 ♦ .83 
Opaques 3 .75 ♦ 1 .44 
Ground Mass 271 67.75 ♦ 7 .78 
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Sample No. 45 - Castle Rock Intrusion 
Texture 
Degree of Crystal1inity - Holocrystal1ine 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - .composition - Ab  An   (01igioclase) 
identifying factors - B(+), 2V = 77 , 
extinction angle = 10°, albite 
twins 
Varietal Minerals 
o 
Hornblende -  identifying factors - B(-), 2V ■ 70 , 
six-sided crystals, pleochroic - 
light green to dark brown 
Accessory Minerals 
Augite - identifying factors - B(+), 2V = 50 , 
prismatic cleavage 
Biotite - identifying factors - B(-), 2V - 10 , 
pleochroic - light brown to dark 
brown 
Opaques 
Ground Mass - consists of plagioclase, augite, and 
opaques 
Rock Name - fine-grained hornblende diorite 
Point Count Data - 
Total Counts - 400 
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Mineral No. of Counts 
Plagioclase 70 
Hornblende 45 
Augite 12 
Biotite 8 
Opaques 2 
Ground Mass 263 
Percentage t   Error 
17.50 ♦ 6.96 
11.25 ♦ 5.58 
3.00 ♦ 2.88 
2.00 ♦ 2.35 
.50 ± 1.18 
6 5.75 ± 7.89 
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Sample No. 46 - 
Texture 
Degree of Crysta11inity - Holocrysta11ine 
Granularity - Aphanitic 
- microcrystalline 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Trachytic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Andesine) 6 3   3 7 
identifying factors - B(-), 2V £ 90 , 
extinction angle = very small, albite 
twins, etc. 
other physical characteristics - 
altered to sericite 
Varietal Minerals 
Hornblende -  identifying factors - B(-), 2V i 70 , 
pleochroic - light green to dark 
green 
other physical characteristics - 
replaced by chlorite and opaques, 
and corroded 
Secondary Minerals 
Opaques - appearing to replace hornblende 
Ground Mass - dominantly plagioclase and opaques, 
with pyroxene 
Rock Name - Hornblende Andesite 
Point Count Data - 
Total Counts - 400 
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\ 
Mineral 
Opaques 
Plagioclase 
Hornblende 
Ground Mass 
No♦ o f Counts 
59 
46 
10 
285 
Percentage '   Error 
14 . 75 '- 5.37 
11.50 ♦ 4.7 4 
2.50 1 2.21 
71.25 ♦ 6.32 
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Sample No. 47 - 
Texture 
Degree of Crystallinity - Holocrystalline 
Granularity - Aphanitic 
- microcrystal1ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab  An   (Andesine) 
identifying factors - B(-), 2V - 80 , 
extinction angle = 20°, albite 
twins, etc. 
other physical characteristics - 
crystals are corroded 
Varietal Minerals 
o 
Hornblende -  identifying factors - B(-), 2V ■ 70 , 
pleochroic - light green to dark 
green 
other physical characteristics - 
altering to chlorite 
Accessory Minerals 
Augite - (minor) - identifying factors - B(+), 
2V ^ 50°, not parallel extinc- 
tion, green color 
Opaques 
Ground Mass - dominated by plagioclase with opaques 
and minor pyroxenes 
Rock Name - Hornblende Andesite 
Point Count Data - 
Total Counts - 400 
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Mineral No. of Counts 
Plagioclase 87 
Hornblende 36 
Opaques 8 
Augi te 6 
Ground Mass 263 
Percentage t   Error 
21.75 * 6.35 
9 .00 t   4.62 
2 .00 t    2.18 
1 . 50 1 1 .89 
65.75 t   7.31 
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Sample No. 48 - 
Texture 
Degree of Crystal1inity - Holocrystal1ine 
Granularity - Aphanitic 
- microcrystal1ine 
Grain Size and 
Other Textural Features - Inequigranular 
- Hiatal 
- porphyritic 
- Agglomeritic texture 
Mineralogy 
Essential Minerals 
Plagioclase - composition - Ab 63An37 {Andesine> 
identifying factors - B( + ), 2V "k   90 , 
very low extinction angle, albite 
twins 
Orthoclase - identifying factors - B(-), 2V 
60°, no twinning present, low 1st 
order colors 
50°- 
Accessory Minerals 
Biotite - 
Augite - 
identifying factors - B(-), 2V 2f 20 , 
pleochroic - light brown to dark 
brown 
identifying facotrs - B(+), 2V £ 50°, 
slightly pleochroic - green to brown 
Ground Mass - dominantly plagioclase and opaques with 
minor pyroxene and potassium feldspar 
Rock Name - Latitic Agglomerate 
Point Count Data - 
Total Counts - 400 
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Minera1 No of Counts 
Plagioclase 69 
Orthoclase 24 
Biotite 7 
Augite 3 
Ground Mass 297 
Percentage t   Error 
17.25 • 6.40 
6.00 ♦ 3.77 
1.75 ♦ 2.04 
.75 ♦ 1.33 
74.25 ♦ 6.74 
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